Concurrence et coopération dans la relation industrie-commerce by Krafft, Jackie
Concurrence et coope´ration dans la relation
industrie-commerce
Jackie Krafft
To cite this version:
Jackie Krafft. Concurrence et coope´ration dans la relation industrie-commerce. Notes et Doc-
uments INRA, 1997, 107 (1), pp.1-12. <hal-00203658>
HAL Id: hal-00203658
https://hal.archives-ouvertes.fr/hal-00203658
Submitted on 10 Jan 2008
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de





ﬀﬂﬁﬃ  	ﬃ ! "







































ni?Fnij(?M(gBC E(DKJL@GDxni?Ng:aij(`J\H"j(ShD8@pH8ai?8niD JDKJ|grD8`Kg:@GCD D8`ScIamA&MyDNM-@\DNgLJGDKJQk(@Bam`(H8a~k-?8niDKJQDKJ|M-@GD J c(aoJpD8`Kg
@GC"CKM-amnmadzI@GD8@SniD JS@GD8nl?Ng:aij(`JFc-D8@:g:aiH"?8niD JSDx`Kg:@GD :jIM-@B`&aoJeJGDNM-@ JsDNg ?"H8=IDNgBDNM-@ JsE(D ni? A(@p?8`(E(D7E&aoJ|g:@Badz&M(g:aij(`(^\H"DKJ
E(D8@f`baiD8@ J CgB?8`Kgy|M-A-CKJ H"?xk-?Nz(niD J Eﬀ amsk-j JpD8@>k-?8@f:j(aoJ E(D :?ﬁ"j(`$am`ICKM-adgB?NzIniD niDM-@>k&M-aoJ Jp?8`(HDSEﬀo?H8=(?NgﬂyDNgLu(
k(@GD8`IE&@GDD8` Hj{Sk&gBDnl? Jfk-C"H8a~aiH8adgBCE(DH"Dx@|gB?8am`IDKJ?"HNg:ac(adgBCKJ |amn~aﬃ8@GD ?8A(@faiH"j(niD8 h< D H8=(?x`&A-D8hDx`KgE(D
niC8A(a3Jfni?Ng:alj{`7DNg\niDKJ `Ij{Zz(@GDNM(E(Cz-?NgGJ KM-aQJGDhE(CNc{D8nij(k(k-D8`Kg\?HNgMyD8nmniDxhD8`KgLa~`(H8adgBDx`Kg! hDx`(D8@ M-`ID @GC8nlDN(aij(`
?8k(k(@Gj(:j(`(E&aiDSJ|M-@LniDKJLam` gBD8@G?"HNg:alj{`-J>E(DFni?SJfk(="ﬃ8@GD5am`IEKM}J|g:@faiDxnmniDF?Nc{D"H5ni? Jfk(="ﬃ8@GDFH"j(ShDx@GH8ai?8nlD"^Dx`Sk-?8@|g:aiHM-nmaiD8@
J|M-@QnlDNM-@Q`(?NgM-@pDFH"j{`IHNM-@f@GDx`Kg:aiD8n~niDFDNg:j&MOH"j-j{k-C8@p?Ng:adc-Db
V\D k-j{am` ghE(DE(C8k-?8@|gsE(D `IjIg:@pD @GC8niD(aij(`*J:M-@hH"D g:="ﬃ8hDJpD :j{`IE(D8@G?J:M-@SniDKJZg:@G?Nc{?NM(EﬀiXFnm@GD"E
<>=(?8`IE&niD8@G^KM-a DN-?xSam`(D niDKJ@GDxni?Ng:aij(`J D8` g:@GDk(@Gj-EKMyHNg:aij(` DNgE&a3J|g:@fadzbM(g:aij(` E(?8`J M-`ID k-Dx@ Jfk-D"Hg:adc-D
=&a3J|gBj(@faKMyD7JGD"Hg:aij{`#ﬀ$ aiD8`%KMyD$nl?$@GCNc-j(ndM(g:aij(` gBD"Hx=&`(j(nij(A(aKMyD ?8adgtDNMnmalDNMM-` JfaﬃH8niD ?NM-k-?8@p?Nc-?8` gB^ j(`
k-DNM(g H"j(`JfalE(C8@GD8@G^QJGD8nlj{`7H"Dg ?NM(gBDM-@G^&KMyD$JGDShDg D8` k(nl?"H"D'Sni?Sam`7EKM(x)*+	>Jfaﬃ"HxniDh?NM( ] gB?gGJGUW_s`&aoJLM-`(D
JGDH"j{`IE(DS@GCNc-j(ndM(g:aij(`(^}E(D `I?NgM-@GDSCH"j{`Ij{saKMyD"^,KM-a}E(j(`&`(Dx@G? `(?xaoJ Jp?8`(H"Ds?NMJ--J|g.ﬃxhD am`IEKM}J|g:@faiDxn1hj-E(D8@f`(Db
/
DNM(C8niCxhD8`KgGJsJGj(`Kgt?8nij(@ J$hDgg:@GD D8`CNcIaiE(D8`IH"D&1V\D$k(@GD8SaiDx@FDKJ:g KM01H"DNggBDC8k-j2KMyDhniDKJ am@fhD JKM-a
J
3D8`bA-?8A-D8`KgZ?KJ JBadc-D8D8`KgsE(?8`-JhE(DKJ?"HNg:adcIadgBCKJs:j{@|gBDxhD8`KgFM(g:a~nmaoJG?g:@faiH"DKJE(D H"?8k(agB?8n>@GD8`IH"j(`Kg:@GD8` gFM-`@GC"D8n
k(@Gj&z(nﬃxhD E(DH"j-j{@pE&am`(?Ng:alj{`7q>HD8ndM-a Eﬀo?x@|g:aiHNM-niDx@M-`ID k(@GjEKMyHg:aij{`E(D h? J JGD?Nc{D"H M-`(DE&aoJ:g:@fadz&M(g:alj{`E(D
h?KJeJGD&>V\D*JGDH"j{`IEDKJ|g3KMyDniDk(@pjIzInﬃ8hDE(D H"j-j{@pE&am`(?Ng:alj{`E(DKJO?"HNg:adcIadgBCKJ:j{@|gBDxhD8`KgsM(g:amnmaoJp?Ng:@faiH"D J E(D
H"?8k(agB?8n`ID k-j&M(c-?xadg4Ng:@pD @GC JGj(ndMO?NM(gBj{?Ng:aKMyD8hDx`KgB^-HoD J|gFE&am@GD5k-?8@QnlDKJ>JGDM-niDKJQ:j(@GH"DKJrEKM$?8@GH8=IC&KXFa~`Jfal^
niam`KgBCxA(@G?Ng:aij(`k&M-@GD j&ME(D JSHj{` g:@G?8am` gBDKJ5c-Dx@|g:aiH"?8nlDKJ
5 JGj(`Kgt?8k(k-?8@|MyD JZH"j(ShD$:j(@fhDKJZj(@fA-?8`baoJG?g:aij{`b`(D8n~niDKJ
E(j(Sam`(?x`KgBDKJ E(?8`JniDKJam`IEKM}J|g:@faiD J :j(@|gBD8hDx`Kg M(g:amn~aoJG?Ng:@BaiH"DKJ E(DH"?xk(adgB?8n :k(@GjEKMyHg:aij{`ﬀE(DHC8@GC"?8nlDKJG^ E(D
JG?MyH"DKJG^(k(@Gj-EKMyHNg:aij(`hDNg}g:@G?8`-Jfk-j(@|g E(D c(ai?x`(E(DFH"j(`&A-D8nlC"D"^-DNgBH& 
< j{`IH"D8@f`I?8`Kgnl? JfagMy?Ng:aij(` ?"HgMyD8nmniD"^ n6o?8`I?8n7-JGDE(D < =I?8`(E&nlD8@k-DNM(gHj{`IEKM-am@GD8 E&am:C8@GD8` gBDKJ
am` gBD8@fk(@GCNgB?g:aij{`-J E(DSnoCxni?Nz-j(@G?Ng:alj{`7E(DS:j(@fhDKJ Eﬀ3j{@BA-?8`&aoJp?Ng:aij(`7D8`Kg:@pDa~`(EKM}J|g:@BaiDSDNg\H"j(ShDx@GH"DSJpD"HNg:aij(`$u( 
V\?$k(ndM}JZHj{`b`KMyD DKJ:gFHD8@|gB?8am`ID8hD8` gtH"D8nmniD E(D9hﬀ: amn~nmai?8$Jpj{`;KM-a c-j(adgtE(?8`J niDKJ @GD8ni?g:aij{`-J5k(@pjEKMyHNgBDM-@ JGU
E&aoJ:g:@fadz&M(gBDM-@ J ni? k-j JeJfadzIniD C8hDx@fA-D8`(HD E(D H"j{sk-j{@|gBDxhD8`KgGJ j{k(k-j(@|gM-`&a3J|gBDKJp^ E<ﬃKJ!nij{@eJ=KMyD E(DKJ
am` c-DKJ:g:aoJ JpD8hD8` gGJhD8` ?"HNg:amfJJfk-C"H8a~aKMyDKJ$Jpj{` gsD8`$pDNM
/
?8`-JhH"DH"j{` gBDN&gBD^ E(D JS:j(@fhDKJsEﬀ3j{@fA-?x`&aoJp?Ng:aij(`J
`(j(`h?8@GH8=I?8`(E(D JgBD8n~niDKJ>KM0lM-`ID a~`KgBC8A(@G?g:aij{`j&MM-` J--J|g.ﬃ8DE(DH"j(`Kg:@p?8am`KgBD JSc-D8@|g:alH"?8niDKJE(j(adc{D8`Kg?4Ng:@GD
D8` c(aoJp?8A-C"DKJ?8a~`E(D sam`&amsaoJGD8@hniD JH"j"@(gGJE(D g:@G?x`JG?HNg:aij(`aoJ J:M}JE(DHDKJh@GD8ni?g:aij{`-JH"j(`&nmaiHgMyD8nmniDKJ r_s`(D
?NM(g:@GDs?8`(?8nAJpD k-DNM(gQgBj&M(gBD8:j(aoJB4Ng:@pDSH"j(`J|g:@:M-adgBDC n3DN{?8hD8`OE(DKJ g:@G?c-?NM( E(D <>=(?x`(E&niD8@p^J|M-@Lni?5z-?KJpD EﬀmM-`(D
?8k(k(@Gj-H8=IDDx`$gBD8@fhDKJ E(DsH"jj(@GE&am`I?Ng:aij(` E(DKJ ?"HNg:adcIadgBCKJ\k(@GjEKMyHg:adc-DKJ &V\D k(@Gj&z(nﬃ8D :j{`IE(?8hD8` gB?8n}DKJ:g\?8nij(@ J
Eﬀ3?KJ J:M-@GD8@hE(?8`-J M-`IDJfadgMy?g:aij{`=Ij{@ JsCKM-a~nmadz(@pD n3?8@|g:alHNM-ni?Ng:aij(`E(DKJsE&am:C8@GDx`KgBDKJZk(=(? JGDKJsEKMk(@pjH"D J J|M}JsE(D
k(@Gj-EKMyHNg:aij(`(^}E(D8k&M-aoJLni?F@GD"Hx=(D8@GHx=(D"UfE(Cc-D8nij(k(k-D8hDx`Kg(:M}JDKMFE  nl? E&aoJ:g:@fadzbM(g:aij{`y
/
DKJL:j{@fDKJ\E(D H"j-j(k-C8@G?Ng:aij(`
c-Dx@|g:aiH"?8nlD"^ DNg '48hD%Eﬀ a~`KgBC8A(@G?g:aij{`ﬀk&M-@GD"^ JGj(`Kg ?8nij(@ J@GDKM-aoJGDKJ ?8am` E(DA-C8@pD8@niam@f@GCNc{D8@ JBadz(amn~adgBCE(DKJ
am` c-DKJ:g:aoJ JpD8hD8` gGJDNgniamSk-Dx@f:D"HNg:aij(`E(D%n a~`&:j(@fh?Ng:aij(`E(?x`J n6oj&zGDHNg:amEﬀ3?KJeJ|M-@GD8@ni?%H"j(`Kg:am` M-adgBC EKM
k(@Gj-H"DKJeJ|M}J k(@pjEKMyHNg:a~DNgE(D JGD%k(@GC8 M-`bam@ Hj{` g:@GD nlDKJJ|g:@G?NgBCxA(aiDKJE(D a~@fhDKJ@fadc{?8niDKJ  < DKJ:j{@BhDKJ
j(@fA-?8`&a3JG?Ng:aij(`&`ID8nmniD J k-Dx@fhDNggBD8` gtEﬀo?KJeJ|M-@GDx@FniDKJ5z{DKJGj(am`J D8` am`b:j{@f?Ng:aij(`DNgtD8`?"E(?xk&gB?Ng:aij(` gBjIM(gt?NMnij(`&A
EKM k(@Gj-H"DKJ J:M}J7E(DH8=I?8`&A-D8D8`KgeQPjIg:@pD j&zGD"Hg:am$JGDx@G? ?8nlj{@ JOE(D Hj{`b@Gj{` gBD8@ HDKJ E(DM( am` gBD8@fk(@GCgB?Ng:aij(`J



















V\DKJOjIM(cI@G?8A-DKJEﬀiXh><>=(?x`(E&niD8@Sx(((^'x((w& JGj(`KgZM-`(D c-C8@BadgB?Nz(nlD @pC8:C8@GD8`IH"DE(?8`Jhn6oCNgMyE(DE(D
n3C8hD8@BA-D8`(H"D=baoJ|gBj(@faKMyDE(Dn6oD8` g:@GD8k(@fa3JGDhj-E(D8@f`ID&)(BnoJj(`Kg E(j{`b`(CnmalDNM E(D `Ij{Zz(@GDNM(%g:@G?Nc{?NM(
Eﬀiam`KgBD8@Bk(@GCNgB?Ng:aij(`E(D$ni?$k-?x@|gtE(DKJZC"H"j(`(j(SaoJ:gBDKJV 3j&zGD"Hg:am E(D$<>=I?8`(E&niDx@FDKJ:g E(D$H"j(Sk(@GDx`(E&@GD"^Sg:@G?Nc{D8@ J
E(DKJj{`Ij{A(@G?xk(=&aiDKJ EﬀoD8` g:@GD8k(@fa3JGDKJg:@DﬃKJ E(CNgB?8amn~niC"DKJp^ H"j{shD8`Kg niDKJA(@G?8`(E(D JD8` g:@GD8k(@fa3JGDKJ ?8hC8@BaiH"?8am`IDKJ
H"?8@p?"HNgBC8@fa3JGC"DKJ k-?x@ n6 am` gBD8@f`I?8nmaoJp?Ng:aij(`7EﬀlM-`IDk(@pjEKMyHNg:alj{`7DNg EﬀmM-`(DhE&aoJ|g:@Badz&M(g:aij(`7E(D h? J JGDsj{` gLk&MJGj&MyE(?8am`
?8k(k-?8@p?+* g:@GD3k-?8@|g:a~@FE(D "(bwDNg H"j(ShD8` g D8nmnlDKJFj(`Kg H"j{` g:am`KMyC34Ng:@pD$E(j(Sam`(?x`KgBDKJt?NMH"j&M-@ J EKM7gBD8Sk1J 
V\? KMy?Ng:@Baﬃ8hD k-?x@|g:aiD E(DJpj{` jIM(cI@G?8A-D E(D x((DKJ|gsH"j(`Jp?"H8@GCD  n3DN(k(n~aiH"?Ng:aij(`E(D J @p?8aoJGj(`JsE(D7H"DNggBD
am` gBC8A(@G?Ng:aij(` E(D*E&a~:C8@GD8` gBDKJ?"HNg:adcIadgBCKJ?NMJpD8am` EﬀmM-`(D '48D am@fhD"^SJGj(adgOE(?8`-J KMyD8nmniD J7H8am@GHj{`-J|gB?8`IH"DKJ
hWg:B=(D cIaoJfadzIniD =I?8`(Ej(Fh?8`I?8A-D8@fai?xn E&am@GD"Hg:aij{`=(?"E @pD8k(ni?"H"DEg:=(D am` c(aoJBadz(nlD =I?8`(Ej{ h?8@f-DNgt:j{@pH"DKJZam`
H"j-j{@pE&am`(?Ng:a~`&Ag:=ID nlj-,ﬀj( A-j-jEJL@Gj(g:=(DSJ|M-k(k(nmaiDx@ J\j{@G?.,ﬀ?8`IE JGDxSamam`baoJf=ID"ESh?NgBD8@fal?8noJ gBjSg:=(D5@GDNgB?xamniD8@
?8`IEsg:=ID M-ndg:amh?gBDFH"j{`-J|M-hDx@1bf<>=(?8`IE&niD8@G^x(((^{k} u1b&
]>` D8:DNgB^$k-?8@|g:am@ZE(Dhni?am`EKM#x)*	 Jfakﬃ"H8niDDNg E(Dn6o?8k(k-?x@fadg:aij(` Eﬀiam`b`(j&c-?Ng:aij(`J gBD"H8=b`(j(nij(A(aKMyDKJ
E(?8`-JniD
J--J|g.ﬃ8D E(D J g:@G?8`JBk-j{@:gGJ DNgE(D J H"j{s M-`&aiH?Ng:aij(`J ?NM(]LgB?NgGJGU_S`baoJG^E(D '4xhD KMyDE(D
n3C8hD8@BA-D8`(H"D E(D JZ?8A-D8`IH"DKJZE(D H8@pC"E&adg DNg E(Dk&M(z(n~aiH8adgBC"^ n6oD8`-JGD8Zz(niDEKM g:aoJ J:Mam`IEKM}J|g:@faiDxnQDKJ:g k(@faoJtE(?8`J M-`
hj&M(c-D8D8`Kg;KM-aSz-j&M-niDNc-Dx@ JGD*gBj&M(gBDKJniDKJE(j(`&`IC"DKJ qFniDKJ a~@fhDKJJ
3D8`&A-?8A-Dx`Kg7h?KJeJfadc{D8hD8` gE(?8`J E(DKJ
j(k-C8@G?Ng:aij(`J\:j{@:gBD8hD8` gQM(g:amnmaoJp?Ng:@faiH"D J E(DSH"?xk(adgB?8n}DNg J oj(@fA-?8`baoJGDx`Kg Jfa~ M-ndgB?8`IC8hD8` g\D8` J:g:@|MyHNgM-@GDKJ\am`KgBCxA(@GC"DKJ 
V\DKJam@fhD JKM-atj{` gS@GCM}J Jfa  JGD h?xam`KgBD8`bam@?NM H"jIM-@eJEKM*gBD8sk1J JGj(`KgH"D8nmniD J3KM-a5j(`Kgs@GC"?xnmaoJGCH"D%KMyD
n3?NM(gBDNM-@ ?8k(k-D8nmniDniD0/|'1 7Z)#ﬁO"5ﬂ')05[5=?#('
1B< =I?8`(E&nlD8@G^$adzIaiE(^$k}S(w&s< Dg:@Bamk(niD am`Kc{DKJ|g:a3J JGDxhD8`Kg
@GD8A(@pjIM-k-DS`(j(` JGDM-niD8hD8` g>n60)#ﬁO"5ﬂ')05[5=?#('!$*ﬁ,63'0 %7k(@Gj(k(@GD8hDx`Kg E&adgB^h?xaoJ ?NM}J JBa}niDKJ>a~`Kc-D J|g:aoJeJGD8hDx`KgGJ
D8` ?8`(?8A-DxhD8`KgODNgOD8`h?8@f-DNg:a~`&A}>V 0)#ﬁO"5ﬂ')05[5=?#('>#+=6#6.]	=?#('SH"j(`JBaoJ|gBDE(CNc-D8nlj{k(k-D8@hM-`(D
J|g:@:MyHNgM-@GD*=baiC8@G?8@pH8=&aoJpC"D E(?8`-J ni?KMyD8nmniD*nlDKJH"?E&@GDKJ j"ID8`-J c-DxamnmniD8` g *ni? Hjj(@GE&am`I?Ng:aij(`E(DKJndM(%E(D
k(@Gj-EKM-adgGJZE(?8`-JFniDKJtk(@GjHDKJ J:M}JZE(Dk(@Gj-EKMyHNg:aij(`DNg E(D$E&a3J|g:@fadzbM(g:aij(`(^QDNg nlDKJFH?"E&@GDKJZJ|M-k-C8@BaiDNM-@ JZJ
3jHHNM-k-D8`Kg
E(D$J|g:@G?gBC8A(aiDKJ DNg\Eﬀoj(@faiDx`KgB?Ng:aij(`J\k(ndM}J>A-Cx`(C8@G?xniDKJ&V )0#ﬁO"ﬂ5ﬂ'0)5F5;=Aﬂ#(' #
=6+2.3'00#.]D J|gLn3j{@BA-?8`&aoJp?Ng:aij(` E(D
@GCKJpD"?NM(ﬀE(D c{D8`KgBDDNgE(D E&aoJ:g:@fadz&M(g:alj{`?NM%`&adc{D"?NM%`I?Ng:aij(`(?8nhDg7am`KgBD8@B`(?Ng:aij(`(?xn5V oC8nl?Nz-j(@G?Ng:aij(`E(DH"DKJ
@GD8nl?Ng:aij(`Jj(@fA-?8`&a3JG?Ng:aij(`&`ID8nmniD Jam`KgBC8A(@pC"DKJ? `(j(`JGDNM-nlD8hD8` g k-D8@BSaoJ?NM(%am@BhDKJE(D JpD*h?8am` gBD8`&a~@D8`
@GD8`IE(?8`Kg k-j JeJfadzIniDKJLniDNM-@eJ k(@pjNGDgGJrKM-ay?Nc{?8aiD8` g M-`h:j{@:gLE(D8A(@GCZEﬀiam@f@GCNc{D8@ JBadz(amn~adgBC"^(h?8aoJL?M}J Jfa-Eﬀ3?"H"HC"E(D8@ M-`
?Nc{?8`KgB?8A-DHj{Sk-Cg:adg:am$JBamA(`&amalH"?Ng:am:^FE(D gBD8nmniDJGj(@|gBDKMyDH"D8nmniD JKM-atj{` gD8:D"HNg:ac-D8hDx`Kgh@GC?8nmaoJpCniD g:@famk(niD
am` c-DKJ:g:aoJ JpD8hD8` g j{` g H"j(`JpD8@|c-CSM-`(Dhk(ni?"H"DhE(j(Sam`(?x`KgBD$J|M-@ niDKJ ?8@GH8=ICKJ k-D8`(E(?x`Kg E(DKJ E&a43 ?8a~`(DKJ Eﬀ3?8`&`IC"DKJ 
XH"DNggBD C8k-j KMyD"^QniD$k(=(Cx`(j('ﬃ8`(DDKJ|g\c-C8@fagB?Nz(niDxhD8`Kg A-C8`(C8@p?8nqj(`7niD$H"j(`J:gB?NgBD$E(?x`JtE(DKJ JpD"HNgBDNM-@eJF?NM}JeJfa
E&am:C8@pD8`KgGJ KMyDSni?Sk(@Gj-EKMyHNg:aij(`7E(DhH8amA-?8@GDggBDKJG^Eﬀo?8n~ndM-hDNggBDKJp^ E(DSamnmJ>k(=(j&gBj(A(@G?8k(=&akKMyDKJG^}Eﬀ3CKM-amk-D8hDx`KgGJ
?8A(@falH"j{nlDKJG^Eﬀo? JGH"D8`-JGDNM-@eJG^E(D k-j(Sk-DKJG^ ?8aoJ?NM}J JBaE(D zIaiD8`-JEﬀ3?8nmamD8`KgB?Ng:alj{`yT{ak(@Gj-EKMyHNg:aij(` DNg




k-?8@fSanlDKJ`(j( zI@GDNM( H"? J%E(C"H8@fagGJk-?8@n3?NM(gBDNM-@
Eﬀiam`KgBD8@B`(?8nma3JG?Ng:aij(`E(D$ni?$k(@pjEKMyHNg:alj{`DgFE(D$nl? E&aoJ|g:@faz&M(g:aij(`?NMJGDxam`EﬀmM-`(D$'48D$am@fhD$am` gBC8A(@GC"D^ DNg niDKJ
g:@Gj(aoJLDN{D8Sk(niD J>J|M-adc{?8`KgGJ\JGj(`Kgk(ndM}JQk-?8@:g:aiHNM-nmaﬃx@GD8hD8` g E(CNgB?8amnmnlCKJ76e

 8
	y:9ﬁx<;sy6w)T{Hz"ﬂx"y6)=5V\j(@ JDKMyD<>tMy?8-Dx@'9 ?gGJh? am` g:@Gj-EKM-adgZE(D `(j&M(c-D8n~niDKJZhCNg:=IjE(DKJsE(D
k(@GjEKMyHg:aij{`OD8` Hj{` g:am`KM?NM(gBj(@faoJp?8`KgQM-`ID k(@Gj-EKMyHNg:aij(` E(D ?KJ JpD"^1niD h?8@pH8=(CZE(DKJ\H"C8@GC?8niDKJ JGj&M}J
D8 z-?xnmni?8A-DDNg JpjIM}J7h?x@DKMyD*E(Dk(@Gj-EKMyHNgBDNM-@7`ﬀ3DN(a3J|gB?8adgOk-?KJ7D8`IH"j(@GD?NM( ]LgB?NgGJGU_S`baoJ>V\DKJ
H"j{`-JGj(Sh?NgBDM-@ J CgB?8aiD8` gh=(?NzIadgMyCKJ> g:@Gj&M(c-Dx@ H"D gbk-DE(D k(@pjEKM-adgE(?8`-JE(DKJC8k(aiH"Dx@faiDKJ3KM-a
@GD"H"DNc{?8aiD8` g nlDKJH"C8@GC?8niDKJ D8`A(@Gj1JDg7niDKJ @pDNc-D8`IE(?8aiD8` g?NMﬀE(CNgB?8a~n
/
D*:?xadgB^ M-`@GCKJpD"?NMﬀE(D
E(CNgB?8amnmnl?8`KgGJZCgB?8adgtE(C|D j(@fA-?8`baoJGC"^Qh?8a3JSJGDNM-nlD8hD8` g5k-j&M-@5M-`(D$@pDNc-D8` gBD D8` cI@G?"H&?>tMy?x-D8@9Z?NgGJ
E(C"H8aiE(?E(D @pC"?8nmaoJpD8@7ni?c-D8` gBDDNgni? k&M(z(n~aiH8adgBCE(D*Jpj{` k(@pjEKM-adgk-?8@ n6 am` gBD8@fhCE&ai?8am@GDE(D*JpDKJ
k(@Gj{k(@pDKJE&a3J|g:@fadzbM(gBDNM-@ J!?NM( ] gB?NgGJpUW_s`&aoJ!DNg n6oCNg:@p?8`&A-D8@p^?8nij(@ J KMyD JGD J k(@fam`(Hxamk-?NM(
H"j{`IHNM-@f@GDx`KgGJ H"j(`Kg:am` My?8aiD8` g# c{D8`(E&@GD%k-?8@ niDKJ H"?8`I?NM(
g:@G?E&adg:aij(`&`(DxnoJDNgJpjIM}Jni? :j(@fhD
=(?NzIadgMyD8nmniDb V\?$am@BhD E(CNc-Dxnij{k(k-?M-`ID J|g:@G?gBC8A(aiD Eﬀiam`KgBC8A(@p?Ng:aij(` c{D8@ J no?xhj{` g q ni?3KMy?8nmadgBCE(DKJ
@#A+P
QaSLXfBVoQbRLN[ZVDfBVDQSRi\&ODVﬂB












 H"C8@GC"?xniDKJZE(DNc{?8`Kg4Ng:@pD H"j{`-J|gB?8` gBD DNg am@f@GCxk(@GjHx=(?NzIniD"^ >tMy?8-Dx@9 ?NgGJtj(@fA-?8`&a3JG?nlDNM-@5k(@Gj-EKMyHNg:aij(`
D8` JGj(` JpD8am`y(< DNggBD `IjIM(c{D8nmniDSJ|g:@:MyHNgM-@GD5k-D8@fsadgB^{k-?x@Qni? J|M-adgBD^{niDFE(Cc-D8nij(k(k-D8hDx`Kg E(D5`(j&M(c-D8n~niDKJ





y6w8)"H=S< DNggBD :j{a3J?NM}J JBai^ HoD J|gZniam`Kg:@pjEKMyHNg:alj{` E(D `(j&M(c-D8n~niDKJ
hCNg:=(j-E(DKJE(Dk(@pjEKMyHNg:alj{` B?NM(gBj{?Ng:aoJG?g:aij{` E(DKJnmamA(`IDKJE(Dk(@Gj-EKMyHNg:aij(`k-j&M-@z{j * gBD JE(D
H"j{`-JGD8@:c-D DNg z{jIM(gBD8a~nmniDKJB KM-a k-D8@fSag  hD8a~`:3 ^  n6oj(@famA(am`ID k-DNg:adg k(@Gj-EKMyHNgBDNM-@
Eﬀo?KJeJG?8a3JGj(`&`(DxhD8`KgGJp^E(D Jp?NMyH"DKJ DNg E(Dk(@Gj-EKM-adgGJJfamsamni?8am@pDKJk-jIM-@niDh?x@GH8=(Cnij-H"?8nE(D
[ aggGJ|z&M-@BA(=(^1Eﬀ3?"H"H"CE(D8@>?M($?8@GH8=ICKJL`(?Ng:aij(`(?M( DgQam` gBD8@f`(?g:aij{`I?NM(} _S`h@GCKJpD"?NM7Jfk-CH8amaKMyDFE(D
@GDNc-Dx`(E(DNM-@O? CNgBCSaoJOD8`*k(nl?"H"D E(Dh?8`baﬃ8@GD @GD8k(@pCKJGD8` gBD8@$nl?h?8@tKMyDniDk(ndM}Jhni?8@fA-DxhD8`Kg
k-j JeJfadzIniD&_s`(D%j{@BA-?8`&aoJp?Ng:aij(`Jfk-C"H8al?8nmaoJpC"DE(?8`J no?H8=(?Ng DNgniD J:gBjHx-?8A-DE(DKJam`bA(@GC"E&aiDx`KgGJ
`(C"H"D J JG?xam@GDKJ  ni? :?NzI@faiH"?g:aij{`OE(DKJ5Jp?NMyH"DKJ\oM(g\C8A-?8niDxhD8`KgrE(CNc-Dxnij{k(k-CDhqyJpj{`h@(niDZH"j(`Jfa3J|gB?8adgrD8`





	"y6 6P=rV\j(@ JDKMyDhH"DggBDa~@fhDh? gBD8`KgBChE(DSk-D8@ J:My?"E(D8@ niDKJ H"j(Sk-?8A(`baiDKJ E(DhH8=ID8Sam`7E(D
:D8@FE(DH8@GC"D8@tE(DKJF,h?8A-j(`JZJfk-CH8ai?8nma3JGCKJtDNg @GCx@famA-C8@GC JF?8a~` E<E ?"H8=ID8Sam`ID8@ JpDKJ k(@Gj-EKM-adgGJ E(?8`-J niDKJ
k(@fam`(Hxamk-?8niDKJcIamnmniDKJﬀEKM H"j{` g:am`(Dx`Kg%?xhC8@faiH?8am`(^amn JDE DKJ:g=IDNM-@|gBC  M-` @pD8oM}Jh?KJeJfam  %6R
Xhd<>=I?8`(E&niDx@G^ adz(aiE(^ k}u-((Uf(w& ]\` D8:DgB^ a~nCNgB?8adgzIaiD8`#k(ndM}J%k(@Gj(adgB?NzIniD k-j&M-@%niDKJ
g:@G?8`JBk-j{@:gBDNM-@ JE(DH"j(`Kg:am` MyD8@3Hj{` c-j(Dx@nlD c-j(ndM-hD `IC"H"DKJeJG?8a~@GD8hD8` gZk(ndM}JSa~Sk-j{@:gB?8`KgsE<E M-`
z-CNgB?8a~n J|M-@ k(aiD"EG^ZDNgOE(D`IDk-?KJOH8=ID8@GH8=ID8@hDNgg:@GD?NMk-j(am`Kghnl? H"j@(gBDNM}JGDDNgham`IH"D8@|gB?xam`(D
am`&`IjIc{?Ng:aij(`D8`#KMyDKJ:g:aij(`1
/
E ?NM(g:@GD k-?x@|gB^ nlDKJ7?NM(g:@GD J k(@Gj-EKMyHNgBDNM-@ J7Dg$A(@pj JeJfaoJ:gBDKJ7E(Dc(al?8`(E(D
`<E ?Nc-?xaiD8`KgOk-?KJEKMgBj&M(g nE am` gBD8`Kg:alj{` E(D J|M-adcI@GD T:,samog7E(?x`J Jpj{`?c-D8` gM-@GDDNgOH"j( z-?NggB?xaiD8`Kg
'48hDJpj{` ?"HNg:aij(`1 V\D k(@GjGDNgF`ID JpD8 zIni?8adgtk-jIM(c{j{am@ 4Ng:@GD7?KJeJ|M-@GC KMyD k-?x@$T:,samogFndM-alU|'48hDb
XFam`JBai^ni?Fam@fhDZ?5gBjIM(grE(DJ:M-adgBD Dx`&A-?8A-C5M-`(DSJ|g:@G?gBC8A(aiDZE<E a~`KgBC8A(@G?g:aij{`Zc-D8@|g:alH"?8niD"^-?8am`E(D5hDNgg:@GD
?NMk-j{am` g ni?c{j{adgM-@pD@GC8@BamA-C8@GC"DDNg E(DH"j{` c-?8a~`(H8@GDhni?$HxnmaiD8` g.ﬃ8niD$E(Dhni?KMy?xnmadgBC$E(D JGj(` k(@pjEKM-adg
k-?8@LE(DKJLH"?xSk-?8A(`(D JLE(D5k&M(z(nmalH8adgBCFDNg E(DKJQ@pCKJGD"?M(j{@BA-?8`&aoJpCKJLE(D5@GDc-D8`IE(DNM-@
X g:@G?Nc{D8@ JHDKJ g:@Gj{a3J D-D8Sk(nlDKJG^Sj(` c-j(adg$zIaiD8` KM0i*H"DggBD*C8k-j KMyD M-` k(@pjIzInﬃ8hDE(D `I?NgM-@GD
`(j&M(c-DxnmniD JpDk-j1JGDD8`Kg:@GDhni? JBk(=<ﬃ8@pDk(@Gj-EKMyHNg:adc{D$DNg nl? Jfk(="ﬃ8@GDH"j{shD8@GH8al?8niD"^ k(@Gj&z(nkﬃ8hDKM-a`(DSk-DNM(g 4Ng:@GD
A-C8@GCFk-?8@\E(DJBamSk(niD J @pD8ni?Ng:aij(`JLh?x@GH8=(?x`(E(DKJp^h?8aoJL@GDKM-aiD8@|g ni? saoJGDZD8`hk(ni?"H"DFEﬀmM-`(D5a~`KgBC8A(@G?g:aij{`sk&M-@GDFjIM
E(D@pD8ni?Ng:aij(`J g:@DﬃKJtCNg:@Gj(adgBDKJ Dx`Kg:@GDS`&ac-D"?NM(?xhj{` g Dg ?Nc{?8n
/
?8`-J n3jIM(cI@G?8A-DhE(Dh< =I?8`(E&nlD8@ |adz(alE(^k}u1b&p^
E(DNM( @G?8a3JGj(`JJGj(`Kg EﬀoD8Zz(niC"D a~`Kc-j KMyC"DKJOk-jIM-@7DNIk(nmaiH8agBD8@ n3C8hD8@fA-Dx`(H"DDNgni? A-Cx`(C8@G?xnmaoJG?g:aij{` E(DH"DKJ
J|g:@:MyHNgM-@GDKJZ=&alC8@G?8@GHx=&aoJpC"DKJ
/
mM-`(D k-?8@|gB^ nlD :?8agKMyD n a~`KgBD8@f`I?8nmaoJp?Ng:aij(`E(DKJs?"HNg:adcIadgBCKJsDNgtE(DKJ5g:@G?x`JG?HNg:aij(`J
@GC"EKM-a3JGD JpD8`JBadz(nlD8hD8` g niDKJ H"j@(gGJ E(D g:@G?8`-JG?"HNg:alj{`7DNg Eﬀiam`&:j(@fh?Ng:alj{`7D8` g:@GDSniDKJ k-?8@:gBD8`(?8a~@GDKJ
/
3?NM(g:@GDSk-?8@:gB^
n3jIzbgBD8`Kg:alj{`EﬀmM-`(D z-?xaoJ JpDE(D JhH"j@(gGJ M-`badgB?8am@GD JSk-?8@Snl? H"?8k-?"HxadgBC E(DKJsam@fhDKJEﬀo?E(?8k&gBD8@Sk(ndM}JJ-@-@GDxhD8`Kg
n3j{@pDGni?E(D8h?8`IE(D"^7DNg EﬀlM(g:amn~aoJGD8@nlDNM-@:j{@pH"DE(D g:@G?Nc{?8amn7DNgniDNM-@CKM-amk-D8hD8` g D8` H"?8k(agB?8n k(ndM}J
am` gBD8`JBadc-D8D8`KgB^ E(D'48hD KMyD ni?@GC"?8nma3JG?Ng:aij(`%EﬀmM-`(DE&amSam` M(g:aij(`A(nijIz{?8niDE(DKJH"j@(gGJE(DKJH"?xk(adgB?NM(
c-?x@fai?NzIniDKJ\DNgad-D JLEKM:?8adg E(D5niamSk-j(@|gB?8`(HDFEKMc{j{nM-hDFE(D5k(@Gj-EKM-adgGJLDNg E(D5ni?5@G?xk(aiE&adgBCFE(D5@GD8`IjIM(c{D8nmniDxhD8`Kg
E(DKJ>J:gBjHx1JL?KJ J:M-@G?8` gM-`H"?KJf=IU|nij:,%C8nlDNc-CFH"D JQam@fhD J
< DKJ D(k(nmaiH?Ng:aij(`JﬂE(j{`b`(D8` g#nmaiDNM  E(DNM( am`KgBDx@fk(@GCNgB?Ng:alj{`-J ?8ngBD8@f`(?g:adc-DKJ E(D J J|g:@G?NgBCxA(aiDKJ
Eﬀiam`KgBC8A(@p?Ng:aij(` E(D J a~@fhDKJ KMyD E(C"H8@fadg <>=(?8`IE&niD8@ q nmM-`(D D8` gBD8@fDKJ%Eﬀiam`(H8agB?Ng:aij(`(^amn J
3?8A(adg k-?8@
niam`KgBCxA(@G?Ng:aij(` E(D@GCKJpjIMyE&@GDniDKJk(@Gj&z(nﬃ8DKJ E(DH"j@(gGJ E(D g:@G?8`-JG?"Hg:aij{`DghEﬀ3j{k(k-j(@|gM-`baoJfhD ﬂ\n3?NM(g:@GDD8`
gBD8@fDKJ\E(D H"j-j(@GE&am`(?g:aij{`E(DKJ\?"Hg:adc(adgBC J k(@pjEKMyHNg:ac-DKJp^amn}J
3?8A(adgL?xnij{@eJ>E(DFA-C8@GDx@LH"j{`eGj(am`KgBD8D8`Kg DNg ?NMOH"j&M-@ J
EKMhgBD8Sk1JQn6 am@B@GCNc-Dx@ JfadzIamnmadgBCFE(D JQam`Kc{DKJ|g:a3J JGDxhD8`KgGJrDNgn a~Sk-D8@f:D"Hg:aij{`E(D5n a~`&:j(@fh?Ng:aij(`1b< DKJQam` gBD8@fk(@GCgB?Ng:aij(`J
JGj(`KgD8`:?8aghH"j(Sk(niCxhD8`KgB?xam@GDKJhnmM-`(DE(D n3?NM(g:@GDhq ni? k(@GDxSaﬃ8@GD k-D8@BhDNgEﬀoDNIk(nmaKMyD8@sniDKJSk(=IC8`(j('ﬃ8`IDKJ
H"j(`(H8@pDNgGJ E(?8`-JQM-`$H?"E&@GDZE(D @GCxA(amhDFk-D8@fh?8`ID8`KgrjIM EﬀoCKM-amnmadzI@GD"^ni?SJGDH"j{`IE(D Hj{`-JfaiE<ﬃ8@pD niD J JBadgMy?Ng:aij(`J\E(D
@GC8A(a~hD `(j(` k-Dx@fh?8`ID8`Kgsj&M=(j(@ JhCKM-amnmadzI@GD |XFhDx`(E(j(ni? DNgZ?8:?8@GE(^Cx(b^Cx(&Ł( V\?7H"j{`b@Gj(`KgB?Ng:aij(`
k(@Gj(k-j JpC"DE(?8`JHD k-?xk(aiD8@H"j(`Jfa3J|gBDE(j{`IH# k(@pC"H8aoJpD8@ KMyD8noJ gbk-DKJE(DJfadgMy?g:aij{`-JH8=(?HNM-`(D E(DH"DKJ
am` gBD8@fk(@GCNgB?g:aij{`-JLDKJ:g J:M}JGH"Dxk&g:adz(niDFEﬀ3?8`I?8n7-JGD8@ 
 g
 
}."0 ;G,&;p0728;L.(60},&;G0 ﬁ}2h01;G2"6}6x;G,&;G0#}2 	3,h682	o,&;p070 G;G6x0o2G.! !72"6x."2
V\DKJ5g:@G?c-?NM(E(D9hﬀ: amn~nmai?8$Jpj{` Sx(v SJGj(`KgZJG?x`JtE(jIM(gBDhn a~`KgBD8@fk(@pCNgB?Ng:aij(` nl?k(ndM}JtH"j(`&`KMyDE(DKJ
CNgMyE(DKJE(D<>=(?x`(E&niD8@  T&M-@niDk(ni?x` g:=(C"j(@faKMyD^ n3?8`I?8n7-JGD g:@G?x`JG?HNg:aij(`&`(DxnmniDH"j(`JBaiE<ﬃ8@GDniam` gBC8A(@G?Ng:aij(`
c-Dx@|g:aiH"?8nlDH"j{shDniD0/B;!ﬁ^$78W=?N6[6*ﬁ]<=('06,6 1ﬀl: a~nmnmai?8JGj(`(^$adzIaiE(^$k} "vbw&DNgB^ E(Dh?8`baﬃ8@GD
A-C8`IC8@G?8niD^ niDKJZCgMyE(DKJZ?8k(k(nmakKMyC"DKJ H"D J:MxGDNgtj(@GD8`Kg M-`ID$k(ndM}JFA(@G?8`IE(D H"j(Sk-?Ng:adzIamnmadgBC ?Nc{D"H$n3C"H"j(`(j(SaiD
E(DKJ H"j@(gGJ E(D g:@G?8`-JG?"HNg:alj{` KM03?Nc-DHEﬀ3?NM(g:@GD J H"j{`-J|g:@|MyHg:aij{`-J>g:=(C"j(@faKMyD J l: a~nmnmai?8JGj(`(^1adz(alE(^ k}xw(&&V\?
`(j&g:aij(` Eﬀiam` c-DKJ:g:aoJ JpD8hD8` g D8`?"HNg:amfJZJfk-C"HxamaKMyDKJtDNg niD J5k(=IC8`(j('ﬃ8`IDKJFEﬀ3j(k(k-j{@|gM-`baoJfDk-DNM(c{D8`Kg D8`7D8:DNg
?8aiE(Dx@HSn3DNIk(nmaiH"?Ng:alj{`7E(DSniam`KgBCxA(@G?Ng:aij(`$c-D8@:g:aiH"?8niD'Sni?KMyDxnmniDhj{` g DM7h?KJ JBadc-DxhD8`KgL@pD"H"j&M-@ J>niD J>am@fDKJ E(D
niam`(EKM}J:g:@faiD ?8C8@faiH"?xam`(D$ni?$a~`EKMJfaﬃ"HxniD E(D8@f`baiD8@
/
?x`JFniD J5g:@Gj(aoJZH"?KJ KMyD$`(j&M}JF?Nc{j{`-JFD-?8Sa~`(CKJp^ niDKJ
D8` g:@GD8k(@faoJpDKJ7j(`KgOE @ @GC"?8n~aoJGD8@7E(D J am`Kc{DKJ|g:a3J JGDxhD8`KgGJg:@DﬃKJ amsk-j{@|gB?x`KgGJ7?8a~`E(DE(CNc-Dxnij{k(k-Dx@ niDNM-@$k(@pjNGDgB^
am` c-DKJ:g:aoJ JpD8hD8` gGJKM-a `ﬀ3CNgB?8aiD8` ghk-?KJ@GD"E(C8k(nlj"I?NzIniDKJhc-D8@ JOEﬀ3?NM(g:@GDKJhM}JG?8A-D J
/
D H"D:?8adgB^5niDKJam@fDKJh`(D
k-j&M(c-?8aiDx`Kg k-?KJSJ oD8`bA-?8A-D8@ZE(?8`-JZH"Dgbk-D Eﬀiam`Kc{DKJ|g:aoJeJGD8D8`KgGJSJp?8`J ?Nc-j(am@Fni?$k-j1J JBadz(amn~adgBC E(D H"j(`Kg:@(niD8@ niDKJ
D8:j(@|gGJtE(DniDNM-@eJ k-?8@|gBD8`I?8am@GDKJp^ D8` n6oj-H"HNM-@f@pD8`(H"DSniDM-@ J H8nmaiDx`KgGJ DNg\:jIM-@B`&aoJeJGDNM-@ J XFam`7E(DSndM(ggBDx@5Hj{` g:@GDSniDKJ
CNc{D8`KgMyD8n3JFH"j(Sk-j(@|gBD8hDx`KgGJtj{k(k-j(@|gM-`&a3J|gBDKJp^niam`KgBCxA(@G?Ng:aij(` JGD8Zz(niD'4Ng:@GD M-`IDOJpj{nM(g:aij{`7?E(CKMy?NgBD"^}k&M-aoJDKMyD
H"D8n~niD"UfH8ayk-D8@fhDNgQM-`IDJ|M-@:c-D8amn~ni?8`(HD @GC8A&M-nmakﬃ8@GDSE(DKJ\?"Hg:adc(adgBC J>DgLE(DKJLhDKJ:M-@GDKJ\E(DF@GC8k(@GDKJeJfaij(`JLk-j1J JBadz(niD JKV\D
k(=(Cx`(j('ﬃ8`(DhEﬀiam`KgBCxA(@G?Ng:aij(`c{D8@|g:aiH"?xniDSj&z1JGDx@|c-C k-?x@ <>=(?8`IE&niD8@5JpD8@G?8adg\E(j(`(HsDKJ JpD8`Kg:aiDxnmniD8hDx`KgLhj&g:adc-CZk-?8@>ni?
c-j(nij(`KgBC7E(D DNgg:@GD7D8` k(ni?"HD E(DKJFhC"H?8`&aoJBhDKJFa~`(H8adgB?g:amfJZ?8k(k(@Gj(k(@faiC J1V\j{@ JtKM0 a~n&?$k(@GC JGD8`IH"D Eﬀo?HNg:amfJ
Jfk-CH8amaKMyDKJp^1niD k-j&M(c-j(am@>am`IH8adgB?Ng:amLEKM7?8@GH8=IC DKJ:gLE(C8:?xamnmni?8` gB^amn-`(DFk-D8@fhDgQk(ndM}J\E(DF@GC8 M-`IC8@GD8@LniDKJ\D8:j(@|gGJ
E(DFH8=I?"HNM-`'5niDM-@(|M}J|gBD c{?8niDNM-@"V\D5@GD"HjIM-@ J  M-`(DF?NM(g:@GD5:j(@fhDFEﬀ3j(@fA-?8`&a3JG?Ng:aij(`hDKJ:g ?8nij(@ JQ`(CH"DKJ Jp?8am@GDb
< DNggBD am`KgBD8@Bk(@GCNgB?Ng:aij(` ? @GCH"D8ShDx`KgﬀCNgBC E&a3JGHNM(gBC"D E(?8`J E(DKJ g:@G?c-?NM( KM-aJ
iam`KgBCx@GDKJ JpD8`Kg
c-Cx@fadgB?NzIniD8hD8` gBSni?S`I?NgM-@GDh?8`(?xn7 g:aKMyDSE(D ni?Zam@fhDSE(CH8@fadgBDSE(?x`J>nlDKJ CNgMyE(D J D8Sk(a~@faKMyDKJ E(DS<>=(?8`IE&niD8@ DNg




nE am`IEKM}J|g:@faiDDNgsEKM@(niD KMyD pjIMyD8` gFniD J a~@fhDKJsE(?8`-JSHD H"j(`KgBD&gBD&R(Bn @GDH"j{`b`(?+*igF`(D k-?KJhJDE 4Ng:@pD am` gBC8@GDKJeJGC
k-D8`IE(?8`Kg\nij(`&A&gBD8Sk1J hH"D gbk-DhE(DSk(@GjIzInﬃ8hD^ gBj&M(g5JBamSk(niD8D8`Kg\k-?8@GH"D'KMyDhE(?8`-J ni?S@GC"?8nmagBC"^ni?Sam@BhD `<E ?
k-?KJc(@G?xamhD8` gE(DE&amalHNM-ndgBC  4Ng:@GD E(C8am`&alD&SX5M `&ac-D"?NM ?8`I?8n7 g:aKMyD"^hk-?8@H"j{` g:@GD"^hniD k(@GjIzInﬃ8hDE(D
E(C8am`badg:aij(`E(D nl? am@fhD^ k-j1JGCﬀE<ﬃKJ x((
k-?8@ < j-?KJpD"^ E(D8hDM-@GD Dx`(H"j(@GDJGD8nij(` ndM-aJG?8`-J*@pC8k-j{`-JGD
H"j(`JpD8`J:MyD8nmniD&&[ j&M-@ <>=(?8`IE&niD8@G^1ni? a~@fhDSE(j(adg!4Ng:@GDs?NMH"D8` g:@GD E(DFnE ?8`I?8n7-JGDZDNg>Jp? :j(`(Hg:aij{`hk(@fa~`(H8amk-?xniD"^ﬀKM-a
DKJ:g E(Dk(@Gj-EKM-am@GD?Nc-?x`Kg E<E C"H8=I?8`&A-Dx@G^ `(C"HDKJ JBadgBDM-`7am`KgBCx@D4Ng>gBj&M(g k-?8@|g:alHNM-nmaiD8@ 
/
?8`-JFHDKJFHj{`IE&adg:aij(`JG^}amnDKJ|g
?8hDx`(C% hDNgg:@GDE(DH &gBC nlDKJ?8`(?xn7-JGDKJh`IC"jHxni?KJ JBaKMyDKJp^5E<E ?8A-D8`IH"D j&ME(D H"j@(gGJhE(D g:@G?x`JG?HNg:aij(`1
/
?x`J
nE ?8k(k(@Gj-H8=ID `IC"jHxni?KJ JBaKMyD"^SDx`Dx:DNgB^ ni?am@fhDD J|ghM-`(DM-`badgBCgBD"H8=b`&aKMyDE(j(`KgniD k(@Gj(A(@G?8shDDKJ|gOE(D




E(D H"j@(gGJE(Dg:@G?8`Jp?"HNg:aij(`(^ZnE M-`&adgBCE(D z{?KJGD`<E DKJ:g k-?KJ7ni?am@fD"^ h?8a3J nl? g:@G?x`JG?HNg:aij(`Dg nE CNgMyE(DE(DKJ
@GD8nl?Ng:aij(`J\E<E C"H8=(?x`&A-DSJGj(`KgQk(@Badc(amnlC8A(aiC"DKJ 1T-DKJQg:@G?Nc{?NM(7JGDF@G?NggB?"H8=ID8`KgrE(j{`IH k(nM(g Igr?NM(O?8`(?8nAJpDKJ\D8` gBD8@BhDKJ
E(DH"j(Sk-CNgBD8`IH"DKJE b`(?8saKMyDKJE(D ni? am@fhDE(j(`KgniDKJj(@famA(am`IDKJJGj(`Kg; @GD"H8=ID8@GH8=ID8@H8=(D3
	 ?8@ JB=(?8nmnl^
T-H8=KM-sk-DNgBD8@ZDNg [ D8`&@pj JpD"^ E(j(`Kg niD JFk(@fam`IH8amk-?NM(?M(gBDNM-@ JSJpj{` gF?HNgMyD8nmniDxhD8`KgtYLD"D"H"D^
/
j JBai^ V\?3 j(`&aiH8DNg
PD8noJGj(`f<>=(?8`IE&niD8@G^x(&u-^k}b&G^1DgL?NM(sKMyD8noJQ`IjIM}JQk-j&M(c-j(`JrC8A-?8niD8D8`Kg ?|Gj&M(gBD8@ R aiH8=I?8@GEJpj{`I^IV\j-?KJ|z+I^
DNgFV\?8`bA(nij(aoJ T-D8nij(`YLD"D"H"DSx((&G^>ni? am@BhD E(D <>=(?x`(E&niD8@sk-DNM(g 4Ng:@GD ? J Jfa~SamniC"D  M-`(D a~@fhD E(D gbk-D
CNc{j{ndM(g:alj{`b`&aoJ:gBD"^hE(j{` g7niD*k(@Gj&z(nﬃxhD DKJ:gE<E D J JG?
(Dx@E(D*hj-E(D8niD8@JGj(`D8` c(am@Gj(`&`ID8hD8` geFXZE(j{k&gB?8` g M-`(D
k-j1Jfadg:aij(`
k(nM}J D&g:@D48D"^ V\?3 j(`&alH8Sx(&x^7k}$u(u1bU|u1v( G^ Dx`&am`I^ E(CNc-Dxnij{k(k-DnE aiE(C"DJGDxnij{` ni?KMyD8nmniD
nE am` gBD8@fk(@GCNgB?g:aij{` ,samnmnmai?x$JGj(`&aiDx`&`(DE(Dni?hk(ndM-k-?8@|g E(DKJ H"? J @GD"H"D8`-JGCKJ k-?x@5<>=I?8`(E&niDx@5D J|g ?Nz&M}JBadc-D"^DNg\'48hD
JGj&M(c-Dx`Kg D8@f@Gj(`(C"Db1< ?KJ k-?8@ H"?KJp^ V\?3 j{`baiH8H"j{sk-?8@GDSniDKJ H"j(ShDx`KgB?8am@pDKJ>@GD Jfk-D"HNg:a~fJ E(DKJ E(DNM(7?NM(gBDM-@ J DNg
DNIk-j JpDSH"j(ShD8` g: amn~nmai?8$Jpj{`h`ID H"j(`JpD8@|c{D KMFE M-`(DFk-?8@|g:alD EKMO@G?8aoJpj{`b`(D8hDx`KgLE(DZ<>=(?8`IE&niD8@G^(c-j(am@GDF'48hD
M-`(D k-?8@|g:aiD E(D JGD JHxadgB?Ng:aij(`J qﬂ(B`@pD8:D8@f@fa~`&AgBj <>=I?8`(E&niDx@
WJ%h?gBD8@fai?8nj(` T:,samogB^ :amnmnmal?8$JGj(`
E(D8hj(`J:g:@G?NgBD"E=&a3JSM-` ,samnmnmam`bA(`(DKJeJfj(@a~`(?NzIamnmadgbSgBj H"j(Sk(@GD8=ID8`(E g:=(D<>=(?x`(E&niD8@Bai?8`DxSk(=(?KJBaoJhj(` =bamA(=
g:=&@pjIM-A(=bk&M(gh?8`DH"j{`Ij{saiDKJj(JBk-D"D"E1r[ ?8@p?8k(=&@G? Jfam`bA <>=(?x`(E&niD8@j(` g:=(D @GD"? JGj(`Jh:j(@ T:,SamogXJ M-ng:amh?NgBD
J|MyHH"DKJ Jp^K: a~nmnmai?8JGj(` ?8@BA&MyD"E g:=(?g
″
E(DKJfk(agBDg:=(Dj{k(k-j1Jfag:aij{`7@Gj( g:=ID@G?8a~nm@Gj-?"EJF?x`(E$z&M(gBH8=ID8@ JG^LT:,SamogXJ
i=&amA(= KMy?8nmag?8`(E nij:, k(@faiH"DKJ H"j( z(am`ID"E ,sadg:=3H"?8@pD8oM-n JGH8=ID"EKM-nmam`bA, k(@GDc-?8amnlD"E
″
$< j(Sk-?8@GD g:=baoJ

















< DKJsE&am:C8@GD8` gGJFg:@G?Nc-?M(hj(`Kg:@GD8` gKMyD"^rk-j&M-@Z<>=(?8`IE&niD8@G^QnE am` gBC8A(@G?Ng:aij(` c{D8@|g:aiH"?xniD$`<E ?8k(k-?8@p?+* g k-?KJ
JGDM-niD8hD8` gJGj&M}JnE am`&nMyD8`(H"DE(DHj{Sk-j(@|gBD8D8`KgGJj(k(k-j(@|gM-`&aoJ:gBDKJG^ h?8a3J?NM}J JBa7E(?8`JM-`j&zGDHNg:amE(D
@GCKJpj{nM(g:aij{`E<E M-`hk(@Gj&z(nﬃ8DFE(DFH"jj(@GE&am`I?Ng:aij(`hE(DKJL?HNg:adc(agBCKJQk(@Gj-EKMyHNg:adc{DKJ"]>`D8:DNgB^(nE D8`&A-?8A-DxhD8`Kg E(?8`-J M-`
k(@Gj(A(@G?8SDsM(g:a~nmaoJG?gBDNM-@ E(DH?8k(adgB?8n1a~Sk(nmaKMy?8ag\E(DJDE ?KJeJ|M-@GD8@  ni? :j(aoJ E<E M-`ndM(7E<E am`bk&M(g\H"j{`-J|gB?8` gQgBD8n,KMyD
ni?hH"?8k-?H8adgBCSk(@Gj-EKMyHNg:adc-D$Jpj{adg D8:D"Hg:adc-D8D8`KgLM(g:amnmaoJpC"D"^DNg\E<E M-`$ndM( E<E j&M(g:k&M(g J|M-a3JG?8` gQgBD8n,KMyD nE D8`-JGD8Zz(niD
E(D ni?Zk(@GjEKMyHg:aij{`7JGj(adgLCH"jIM-nlC"D&1T(ayH"DKJ\E(DNM(OH"j(`(E&adg:aij(`JL`"E CgB?8aiD8` gQk-?KJQc-Cx@famaiC"D JG^1?8nlj{@ JLnE amsk-j{@|gB?x`(H"DZE(DKJ
H"j@(gGJﬀ|am@f@GCH"jIM(cI@G?NzIniDKJfﬀD8`bA-?8A-CKJ%@faoJtKMy?8adg%E(D@GD8DNgg:@GD D8` H"?NM}JGDni?
c(ai?z(amnmagBC E(DKJam@fhDKJ  < D
k(=(Cx`(j('ﬃ8`(D^k-?8@LH"j(`Kg:@GD^{`"E CgB?8adgk-?KJLj&z1JpD8@|c-?z(niDFE(?8`-JQniDKJ k(@Gj{A(@p?8ShDKJrDNgniDKJQam`IEKM}J|g:@falDKJ M(g:amnma3JG?Ng:@falH"DKJLE(D
g:@G?Nc{?8amni^ EKM :?xadghE(D nE am`IDN(a3J|gBD8`IH"D"^5E(?x`JH"DH"?KJp^5E<E M-`E(D8A(@GCE(D adIadgBCDNg$J:M-@|gBj&M(gsE<E a~@f@GCNc{D8@ Jfaz(amnmagBC E(DKJ
am` c-DKJ:g:aoJ JpD8hD8` gGJ
/
?8`-JJGj(` ?8@|g:aiH8nlDE(D x(&u-^<>=(?8`IE&niD8@ :j(@f M-niD%k(@GC"H8aoJpC8hD8` gH"D k(@Gj&z(nkﬃ8hDE(D
H"j-j{@pE&am`(?Ng:alj{`7q}amn>JDE ?8A(adgtE(Dhh?+* g:@fa3JGD8@ ni?gB?8a~nmniD$E(Dhni?$H?8k-?"H8adgBCE(Dk(@Gj-EKMyHNg:aij(`DNg nE am` gBD8`JBadgBC$E<E M(g:amnma3JG?Ng:aij(`
E(D$HDNggBD$H"?xk-?"H8adgBC"^QE(D JGj(@|gBDKMyDhnE ?NM-A(hD8` gB?Ng:aij(` E(D J H"j"@(gGJ a-DKJ DNg\am@f@pCNc-D8@eJfadzIniDKJFJGj(adg H"j(`Kg:@GDNz{?8ni?8`IH"C"D
k-?8@sE(DKJsH"j@(gGJ M-`badgB?8am@pDKJsE(D k(@Gj-EKMyHNg:aij(`am`(?xniD :?xadz(niD J
/
?8`JZniD J gBDx@fhDKJsE(D$V\?3 j(`&aiH8 |adzIaiE(^ k}HxbU
x(&G^}niDSk(@GjIzInﬃ8hDhDKJ:g E(DS@GCM}J Jfa~@HFg:@G?8`JB:j{@BhD8@ E(DKJ H"j@(gGJ>ad{DKJ C8nlDNc-CKJ D8`$@pDKJ JpjIM-@GHDKJ M(g:amn~aoJG?NzIniDKJp^ a dDb
D8`OH"j"@(gGJLM-`&adgB?xam@GDKJ\:?8adz(nlDKJ}T(a}H"DNggBDsCNgB?8k-DSE(D g:@p?8`JB:j{@f?Ng:aij(` DKJ:gQ@GCNM}JeJfaiD^1?8nij(@ JLni?Fam@fhD5M(g:amnmaoJp?Ng:@faiHD E(D
H"?8k(agB?8nh?*ni?H"?8k-?"H8agBC E<E DN(k(nij(adgBD8@niDKJCH"j{`Ij{saiDKJE<E C"Hx=(D8nmnlD DNgE(D*A-?8shD(KM-ahJGj(`Kg @pD8nmaiC"D J  JGj(`
k(@Gj(A(@G?8SD E<E am` c-DKJ:g:aoJ JpD8hD8` ge < D k(@Gj&z(nﬃ8D E(D H"j-j(@GE&am`(?g:aij{` `ID k-jIM(c{?8adg 4Ng:@GD @GCKJpj{ndM
?NM(gBj(h?Ng:aKMyDxhD8`Kg 1%6Rt<>=(?8`IE&niD8@G^ adz(aiE(^ k}>, V\? H8@GC"?g:aij{` E(D @GD8nl?Ng:aij(`JSa~`KgBD8@f`IDKJhj&MDNIk(nmaiH8adgBD JG^ D8`
k-?8@|g:alHNM-nmaiD8@ =baiC8@G?8@pH8=&aoJpC"DKJp^ CNgB?8agBhH"D$J|gB?E(D:j(`(E(?xhD8`KgB?xniD&
/
?8`-J niDKJ am`IEKM}J|g:@faiD J M(g:amnma3JG?Ng:@falH"DKJ E(DsH"?8k(adgB?8nl^
nE am` gBC8A(@G?Ng:aij(` j&ME(DKJ H"j{` g:@G?8am` gBDKJ c{D8@|g:aiH?8niDKJ\:j{@|gBD JG^,KM-a1k-D8@fDNggBD8`KgLnlDSH"j(`Kg:@(niDSEﬀmM-`hA(@G?8`(Eh`(j( z(@pD E(D
c-?x@fai?NzIniDKJhE(DE(C"H8aoJBaij{`I^ JGj(`Kg ?8k(k-?8@|MyD JSHj{SD :j(@fhDKJsj(@fA-?8`baoJG?Ng:alj{`b`(D8nmnlDKJsE(j{Sa~`(?8` gBDKJQ<BE DKJ:gFniD7H"?KJp^
k-?8@DN-DxSk(niD"^SE(D J a~`(EKM}J|g:@BaiDKJ KM-aSj(`KgOSaoJD8`k(ni?"HD*E(DKJ gBD"Hx=&`(j(nij(A(aiDKJE(Dk(@GjEKMyHg:aij{` D8` H"j{` g:am`KM
|k(@Gj-EKMyHNg:aij(`E(D$H8amA-?x@GDNggBDKJp^QE<E ?xnmndM-hDNggBD JG^QE(D:?x@fam`(D^QE(D$H"C8@pC"?8niDKJp^QE(DSamnm k(=(j&gBj{A(@p?8k(=&aKMyD^ ii p^ H"D8n~niDKJ
KM-a k(@Gj-EKM-aoJGD8` ghE(D JSz(aiD8`-Jhk-C8@faoJeJG?NzIniDKJ|k(@pjEKMyHNg:alj{`DNgZg:@G?8`-Jfk-j(@|gE(DcIai?8`IE(DHj{`bA-D8niC"D8DNgsH"D8nmnlDKJ'KM-a
:?NzI@faKMyD8` gFE(D JFh?"H8=bam`(D JF`(C"HDKJ JBadgB?8`Kg ni? Hx@GC"?Ng:aij(`E(D JpD8@|c(alH"DKJSJBk-C"H8ai?8n~aoJGCKJ E(Dh?8@B-DNg:am`&A |h?"H8=bam`(D J
H"j&MyE&@GD"^FCKM-a~k-D8hD8` gGJ ?8A(@BaiH"j(niDKJG^5?"H8=&a~`(DKJOE(D zbM-@GD"?NMy^F?KJpH"D8`-JGDNM-@ Jp^ k-j(Sk-DKJp^ k(@GDKJeJGDKJha~Sk(@famh?x`KgBDKJp^
CKM-amk-DxhD8`KgGJ C8niD"Hg:@faKMyDKJB(fn}DNIaoJ|gB?8agB^E(DZk(ndM}JG^}E(DKJ E&am:C8@GD8`IH"DKJ j{@fA-?x`&aoJp?Ng:aij(`&`(DxnmniDKJ  nE am`KgBCx@faiDNM-@ E(DsH"DKJ
am`IEKM}J|g:@faiD J5:j(@|gBD8hDx`Kg>M(g:amn~aoJG?Ng:@BaiH"DKJtE(D$H"?xk(adgB?8n1XFam`-Jfai^QE(?x`JtH"D8@|gB?8a~`JtH"?KJG^ nlDKJ5a~@fhDKJ j(`Kg j{k&gBChE<E D8 zIniC"D
k-j&M-@ M-` E(D8A(@GCE<E am`KgBCxA(@G?Ng:aij(` c-D8@|g:alH"?8niD g:@DﬃKJ7:j(@|ge
/
?8`JE<E ?NM(g:@GDKJJBadgMy?Ng:aij(`Jp^ k-?8@H"j{` g:@GD"^SHD8@|gB?8am`IDKJ
?"HNg:ac(adgBCKJ j{` gFE<E ?Nz{j{@pECgBC H"jj(@GE(j(`&`IC"DKJZE(?8`-JFniD H"?E&@GD E(D H"j(`Kg:@G?8a~`KgBDKJ c-D8@:g:aiH"?8niD JV\DKJ am@fhD J JpD JGj(`Kg
?"E&@GD J JGCDKJ ?NM(7J]J:g.ﬃ8hDKJ\E(DZE&aoJ|g:@Badz&M(g:aij(`DN(a3J|gB?8` gGJG^1E(?8`-JQM-`k(@pD8SaiD8@QgBD8Sk1J KV\?Fk(ndM-k-?8@|grE(D H"D J a~@fhDKJp^
H"D8k-Dx`(E(?8` gB^1j{` gL?KJeJGD3Z@G?8k(alE(D8hD8` gQ:j(`(E(CFniDNM-@Lk(@Gj{k(@pD @GC JGD"?NM E(D E(CgB?8amnmni?x`KgGJ\H"?8@QniD J>J|g:@|MyHgM-@GDKJLD8`sk(ni?"H"D
`<E ?KJeJ|M-@G?xaiD8`KgLk-? J>ni?SHjj(@GE&am`I?Ng:aij(`$@GDKM-a3JGD&(X%H"j(`Kg:@G?x@faij-^E(?x`J>nlDKJ>am`IEKM}J|g:@falDKJ M(g:amn~aoJG?Ng:@BaiH"DKJ E(D g:@G?Nc{?8amn,KM-a
`<E CNgB?xaiD8`KgLk-? J H"?8@p?"HNgBC8@fa3JGC"DKJ\=&aoJ:gBj{@BaKMyD8hD8` gLk-?8@>nE am@B@GCNc-Dx@ JfadzIamnmadgBCsE(D niDM-@ JLam`Kc{DKJ|g:aoJeJGD8D8`KgGJp^niDKJL@GD8nl?Ng:aij(`J
E(D$h?8@pH8=(C j(`Kg k(ndM(g &g CNgBChk(@fadc(a~niC8A(aiC"D J,9F` k-DNM(g H8adgBD8@tH"j{shD$DN{D8Sk(niD JFE(DH"DKJ am`(EKM}J:g:@faiDKJtH"D8nmnlDKJFEKM
gBDNbg:amniD"^-E(D5nE =(?NzIamnmniDxhD8`KgB^-EKMOHNM-am@G^-E(D5ni?FH8=I?NM}J J:M-@GD"^-EKMhDNM(z(nlD"^E(D5nl?5@GD8k(@Gj-EKMyHNg:aij(`hDNg E(D5nE C"E&adg:alj{`y
XFam`E(D @pD8`(E&@GDFHD5@G?8aoJpj{`b`(D8hDx`Kgk(ndM}JLj(k-C8@G?Ng:alj{`b`(D8ni^(amn-DKJ:gk-j JeJfadzIniDFE(D5n3C8`(j(`(H"Dx@LE(D5ni?5h?8`baﬃ8@GD
J|M-ac-?8` gBD"^ D8`*J  am`-Jfk(am@p?8`KgsE(DKJZg:@G?Nc{?NM( E(DOR aiH8=I?8@GEJpj{`Sx((w& Y j&M(gZEﬀ3?Nz-j(@GE(^>E(?x`JZniDKJsDN{D8Sk(niDKJsE(D
<>=(?8`IE&niD8@G^-niDKJLam`Kc{DKJ|g:a3J JGDxhD8`KgGJ\j(`KgM-`hE(D8A(@GCFEﬀiam@f@GCc-D8@ JBadz(a~nmadgBC c-?x@fai?NzIniD&b< DggBDFH"?8@G?"HgBC8@faoJ:g:aKMyD5k-DNM(g4Ng:@GD
@GD8:j(@f M-nlC"D D8`E&aoJp?8`Kg KMyD niD J @pD"H"DNggBDKJsH"j(@f@GD Jfk-j(`(E(?8` g n a~`Kc-D J|g:aoJeJGD8hDx`KgZDx`&A-?8A-C k-?8@FM-`(D am@fhD `(D
JGj(`Kg!E&aoJBk-j{`badz(nlDKJ=KM03?NM gBD8@fhD EﬀmM-`(D H"Dx@|gB?8am`IDk-C8@faljE(D f?8k(k-D8niCD hE(C8nl?8aE(D#A-DKJ|gB?Ng:alj{` E(DKJ
am` c-DKJ:g:aoJ JpD8hD8` gGJ&G^ E(j(`Kg ni?EKM-@GCDDKJ:g c-?8@Bai?Nz(nlD& ]>`-J|M-adgBD^ E(?8`J H"DKJ DN-DxSk(niDKJp^$amnh`(DJ
3?8A(adgk(ndM}J
JGDM-niD8hD8` g E(D@pC"EKM-am@GDhniDKJ k(@Gj&z(nﬃxhDKJ Eﬀ3j{k(k-j(@|gM-`&a3JfhD"^}h?8aoJ E(DhH"j(`J:g:@|M-am@GDSn3D8`-JGD8 zIniDhEﬀ a~`&:j(@fh?Ng:aij(`
KM-aL`ﬀ3DKJ|g k-?KJFk(@pC"UfE(C8am`ba(fnLDKJ|gtC8A-?xniD8hD8` g k-j JeJfadzIniD E(D$k(@GD8`IE&@GD D8`H"j(Sk&gBD H"DggBD H"?8@G?"HgBC8@faoJ:g:aKMyD D8`
J|M-k(k-j1JG?x`Kg KMyDniam`&:j(@fh?g:aij{`J:M-@ niD J Dx`&A-?8A-D8D8`KgGJ7E(D J7?NM(g:@GDKJOam@fhDKJO`ﬀ3DKJ|gOH"j(`&` MyDKM0o?8k(@tﬃKJ$M-`
 H"D8@:gB?8am` ni?xk1JZE(DgBD8Sk1JZB?8k(k-D8niChE(Cxni?8aLE(Dg:@p?8`JBSaoJ JBaij(` E(Dhn a~`&:j(@fh?Ng:aij(`CbG^QE(j{` g ni?EKM-@GC"D$D J|g ?NM}JeJfa
c-?x@fai?NzIniD&
/
DNM(E&amaiHNM-ngBCKJJGj(`KgOE(j{`IH A-C8@GD8@ k-?x@ niDKJ am@BhDKJ7?NMH"j&M-@ J7EKMgBD8sk1J7DNgOE(D h?8`baﬃ8@GD
H"j(` Gj(am` gBDhq niam@f@pCNc-D8@eJfadzIamnmadgBCE(DKJa~`Kc-D J|g:aoJeJGD8hDx`KgGJDNgniamSk-D8@B:D"HNg:aij(` E(Dniam`b:j{@f?Ng:aij(`1
/
?8`-J H"DKJ
H"j(`(E&adg:alj{`-JG^n3?8@|g:alHNM-ni?Ng:aij(`EﬀlM-`ID k(@pjEKMyHNg:alj{`DNgrEﬀlM-`ID E&aoJ:g:@fadzbM(g:aij{`E(DFA(@G?8`IE(D C"Hx=(D8nmnlD"^{a dDbKniD5k(@pjIzInﬃ8hD
E(D%H"jj(@GE&am`I?Ng:aij(`(^ Hj{`-JfaoJ:gBD k-j&M-@*nl? am@BhD  %?KJ J:M-@GD8@M-` c{j{nM-hD sam`&am?8n7Eﬀ a~`Kc-D J|g:aoJeJGD8hDx`KgGJ
H"j(Sk(niC8D8`KgB?8a~@GDKJG^#KM-a:j{` gni? H"j(`Kg:am` M-adgBC EKM k(@Gj-H"DKJeJ|M}JﬀE(D k(@pjEKMyHNg:alj{` DNgﬀJGj(`Kg@pC"?8nmaoJpCKJﬀD8`
H"j(nmni?Nz{j{@p?Ng:aij(`?Nc{D"H*k-?8@|gBDx`(?8am@pDKJG^S:j&M-@f`&aoJeJGDNM-@eJDNgH8n~aiD8`KgGJp^hDNg7u(% JpD k(@Gj&gBC8A-D8@H"j(`Kg:@GD M-` c-j(ndM-hD
h?NIamh?8nLEﬀiam` c-DKJ:g:aoJ JpD8hD8` gGJZH"j(`(HNM-@f@pD8`KgGJp^ E(j(`Kg n6oD8`bA-?8A-D8hDx`Kg D8:DHNg:am>k-?8@ niDKJ am@fhD J5@fac-?8niD J5k-DNM(c{D8`Kg
@GD8DNgg:@GDD8`H"?NM}JpDni?H"j{` g:am`KM-agBC EKMk(@Gj-H"DKJeJ|M}Jk(@Gj-EKMyHNg:amG V\??+* g:@faoJpD E(DH"Dk(@Gj&z(nkﬃ8hDk-DM(g34Ng:@GD
?KJeJ|M-@GC"DSk-?8@ E&am:Cx@GD8`KgBD J :j{@fDKJ>am`-J|g:adgM(g:alj{`b`(D8nmnlDKJG^}E(D8k&M-aoJ\niDKJLg:@G?"E&adg:aij(`&`ID8nmniD J>@GD8nl?Ng:aij(`J E(DZh?8@GH8=IC"^}?NM(
J|g:@p?NgBC8A(aiDKJ Eﬀ am` gBC8A(@G?Ng:alj{` c{D8@|g:aiH?8niD"^D8` k-?KJeJG?8` g k-?8@niD
@GCKJpD"?NM Hj{Sk(nlDN-DE(DKJHjj(k-C8@G?Ng:alj{`-JDNg
?8amn~ai?Ng:aij(`J\am`KgBD8@Bam@fhDKJ -< =I?"HNM-`IDSE(DSH"DKJ\:j{@BhDKJ>k-Dx@fhDNgrE(D @GC JGj&MyE&@GD E(D J k(@pjIzInﬃ8hDKJ\E(DZH"j-j{@GE&a~`(?Ng:aij(`
E(DF`(?NgM-@GD JLE&am:C8@GDx`KgBDKJKM-a(k-DM(c-D8` g4g:@GDFDN(k(@BamhCKJLDx`S:j{`IHNg:aij(`hE(D5niamSk-j(@|gB?8`IH"DFE(D5niam@f@GCNc{D8@ JBadz(amn~adgBCFE(DKJ
am` c-DKJ:g:aoJ JpD8hD8` gGJFDNg E(DniamSk-D8@B:D"HNg:aij(` E(Dhniam`&:j(@fh?Ng:alj{`y1XFam`JBai^ nij(@ JDKMyDSniDKJ E(Cxni?8aoJ E(D g:@G?8`-JfSa3J Jfalj{`7E(D
niam`&:j(@fh?g:aij{`ﬂDNgﬀE(D A-DKJ:gB?Ng:aij(` E(DKJﬀam`Kc{DKJ|g:a3J JGDxhD8`KgGJJGj(`Kgg:@Dﬃ Jnij(`&A1Jp^ E(D
c-Cx@fadgB?NzIniDKJ%hDKJ:M-@GDKJ
Eﬀ3?"H"H"j(Sk-?8A(`ID8hD8` gSJGj(`Kgt`(C"HDKJ Jp?8am@GDKJFgBj&M(gZ?NM nij(`&AE(D JSE&a~:C8@GD8` gBDKJsCNgB?8k-DKJZEKMk(@Gj-H"DKJeJ|M}JFk(@pjEKMyHNg:a~G
< D8ni?$Jfa~A(`&amaiD'KMyDSni?Sam@fDE(j(adg H"j-j{@GE(j(`&`ID8@ D8:D"HNg:ac-D8hDx`KgLn3D8`JpD8 zIniDSE(DKJ CNgB?8k-DKJ E(DSE(CNc-Dxnij{k(k-DxhD8`Kg
EKMk(@pjNGDgB^SE(D8k&M-aoJ7ni? @GDH8=(D8@pH8=(D"UBE(CNc-D8nlj{k(k-D8D8`Kg |M}JtKMFE  nl?E&aoJ|g:@faz&M(g:aij(`1
/
?x`J7H"DH?KJG^5M-`(D :j(@fhD
Eﬀiam`KgBC8A(@p?Ng:aij(` k&M-@GD$JGD8 zIniDS@GCKJpjIMyE&@GDSniDSk(@Gj&z(nkﬃ8hDhE(DhH"jj(@GE&am`I?Ng:aij(`1y< DhH"? J DKJ|g\niDSk(ndM}J>@pCKMyD8`Kg\E(?x`J
niDKJDN{D8Sk(niD J E(D<>=(?8`IE&niD8@ q5niDhj(`KgB?8` g7E(DKJ7am` c-DKJ:g:aoJ JpD8hD8` gGJ Hj{`IHNM-@f@GD8` gGJDKJ|gg:@DﬃKJ amsk-j{@|gB?x`KgO|ni?
H"j(`(HNM-@B@GD8`(HD$D8` g:@GDk(@Gj-EKMyHNgBDNM-@eJFDKJ:g>g:@DﬃKJ c(ac-D8G^ nlDc-j(ndM-hDE(DKJ am`Kc{DKJ|g:aoJeJGD8D8`KgGJtH"j(Sk(niC8hDx`KgB?8am@pDKJ DKJ|g




@GCKJpjIMyE&@pDJpDNM-niD8hDx`Kgk-j&M-@ﬀH"D8@|gB?8a~`(DKJﬀCNgB?8k-D JE(D E(CNc{D8nij(k(k-D8hD8` gB^ M-`(DH"j-j(k-C8@G?Ng:aij(` am` gBD8@fam@BhDKJ
JGDx z(niDx@G? ?"E(?8k&gBCD  ni? @pCKJGj(ndM(g:aij(`EKME(C8:?M(gsE(D H"j-j(@GE&am`(?g:aij{`yQ< D H?KJsDKJ|g C8A-?8niD8D8`Kgtk(@GCKJGDx`KgZHx=(D3
<>=(?8`IE&niD8@G^ h?8aoJH+oDKJ:g M-`ID JfadgMy?Ng:alj{` g:@G?x`JfagBj{am@pDhq>H"D8@|gB?8a~`(DKJham@BhDKJham`b`(j&c-?Ng:@falH"DKJG^ H"j(`&@Gj(`KgBC"D J3 M-`(D
:j(@|gBD H"j(`(HM-@f@GD8`IH"D"^Fj(`KgEﬀ3?Nz-j(@GE CgB?Nz(nmatE(DKJ@GD8ni?Ng:alj{`-J ?Nc{D"HnlDKJ$@pCKJGD"?M(E(DE&aoJ|g:@faz&M(gBDNM-@ JD(aoJ:gB?8`KgGJ 
< DNM(-UBH8a1`(DZk-D8@fhDNggB?x`KgLk-?KJ E(D @GC"?8n~aoJGD8@\ni? Hjj(@GE&am`I?Ng:aij(`(^niD J a~@fhDKJ\j(`KgLE(Cc-D8nij(k(k-CFniDNM-@Lk(@Gj{k(@pD @GC JGD"?NM
E(DSE&aoJ:g:@fadzbM(g:aij{`y&]>`bam`(^ JfaynlM-`OjIM7n6o?NM(g:@pDSE(DKJ E(Cxni?8aoJ DKJ|gg:@DﬃKJ\H"j&M-@|gB^{c-j(am@GDF`KM-nl^1E(DJBamSk(niD J @pD8ni?Ng:aij(`J\E(D
h?8@pH8=(CJ:M-am@Gj(`Kg  @pCKJGj(@|z-Dx@SniD k(@Gj&z(nkﬃ8hD E(D Hjj(@GE&am`I?Ng:aij(`1L<oDKJ:gZniD H"? JhE(DKJZam`IEKM}J|g:@faiD J :?xadz(niDxhD8`Kg
M(g:amnma3JG?Ng:@falH"DKJLE(DFH"?xk(adgB?8n-E(C"H8@BadgBDKJQk-?8@L<>=I?8`(E&niDx@
(fnyDN(aoJ:gBD E(j(`(H5z(alD8`E(DNM(niD"HNgM-@GD J>E(D J j{`Ij{A(@G?xk(=&aiDKJ\Eﬀ3D8`Kg:@pD8k(@faoJpDKJLE(DF<>=(?8`IE&niD8@"V\?5k(@GD8saﬃ8@GD
?8`I?8n7-JGDE(DKJO@GD8ni?Ng:alj{`-J7D8`Kg:@pDk(@Gj-EKMyHNg:aij(` DgE&aoJ|g:@Badz&M(g:aij(`E(D`(?gM-@GD H"j(`&n~aiHNgMyD8nmnlD& V oj&zpD"HNg:amhD J|gE(D
E(C8am`bam@G^ k-?8@n3C8ni?Nz{j{@p?Ng:aij(` E(D J:g:@|MyHNgM-@GDKJ=&alC8@G?8@GHx=&aoJpC"DKJ DNg c-Dx@|g:aiH"?8nlD8hD8` gam`KgBCxA(@GC"DKJp^ E(DKJ*JpH8=(Cxh?KJ
am`IH8adgB?Ng:amfJ?"E(?xk&gBCKJF< DNggBDniD"HgM-@GD J:M-k(k-j JpD M-`ID J:gB?Nz(a~nmadgBCE(D n3D8` c(am@Gj(`&`ID8hD8` g7DNgOn3DN(aoJ:gBD8`(HD*EﬀmM-`(D
JfagMy?Ng:aij(`7E(D @GC8A(amD k-D8@fh?x`(D8` geIV\?hJGD"H"j(`(E(DsCNgMyE&aiDSE&am@pD"HNgBD8hDx`KgLniDKJ JfadgMy?g:aij{`-J E(DSHx=(?8`bA-D8hD8` gB^E(?x`J
niDKJtKMyD8noJtE(DKJ k(@GjIzInﬃ8hD JFE(DH"jj(@GE&am`I?Ng:aij(` =Ij{@eJFCKM-a~nmadz(@pDE(j(adc{D8`Kg 4Ng:@GDS@GCKJpj{nM}JG^ Dx` k-?8@|g:aiHNM-n~aiD8@ k-?8@ E(DKJ
hjID8`JLam`-J|g:adgM(g:aij(`&`ID8noJ K]>`D8:DgB^ni?ZE(DKJGH8@Bamk&g:aij(`k(@pC"H"C"E(D8` gBD EKM H"j(Sk-j{@:gBD8hD8` gLE(DFni? a~@fhD"^-DN(k(@BamhC"D
D8`gBD8@fhDKJE(D E(C8ni?xaoJG^>`(D7k(@GD8`(E*Jp? c-Cx@fadgB?NzIniDJfa~A(`&amaiH?Ng:aij(`KMyD E(?8`-JhE(DKJJfadgMy?g:aij{`-JsE(D @GCxA(amhDKJZ`(j(`
k-D8@f?8`(D8` gGJG^QH3DKJ:g $E&am@pDnij(@ JDKMyDhE(DKJ CxniC8hD8` gGJ E(D z-?KJpD"^ gBD8n3J KMyDnl?sgBDH8=&`Ij{nij(A(aiDhj&M ni?hE(D8?8`(E(D"^}`(D
JGj(`Kg7k-? JH"j(Sk(nﬃNgBDxhD8`Kg7?+* g:@faoJpCKJDg KMyD*niDKJ E&am:C8@GD8` gGJ J:gB?"E(DKJ%KM-aH"j{sk-j JpD8`KgOniD k(@pjH"D J J|M}JE(D
k(@Gj-EKMyHNg:aij(`f?MJGD8`-JSni?8@BA-D"^>aD&^ E(Dxk&M-aoJSni? R
/
|M}JDKMFE  ni?7E&aoJ|g:@faz&M(g:aij(`&Z`(D JGj(`Kgtk-?KJZk-?8@f:?8adgBDxhD8`Kg
J-b`IH8=&@Gj(`&a3JGCKJ  < DKJJfadgMy?g:aij{`-JE(D*@pC8A(amhD*a~@f@GC8A&M-nmalD8@ J k(@pCKJGD8` gBD8`Kg M-`ID Jfk-CH8amaiH8agBChq niDKJ ?8A-D8` gGJ JGj(`Kg
H"j(`&@Gj(`KgBC J3 nl? `IC"H"DKJeJfadgBCE(D @G?KJeJGD8Zz(niD8@DNgJ|M-@:gBjIM(gE(DH"j{`-J|g:@|M-a~@GD?NM k(@pC"?8ni?NzIniD niDKJH"j(`(E&ag:aij{`-JhE(D
@GCNM}JeJfadgBDZE(DKJLk(@GjGDNgGJ!KM0iamnoJLhDNggBD8` gLD8`J5FM(c(@GD b< DKJLH"j(`(E&adg:alj{`-JLE(D5@GCNM}JeJfadgBD5k-DNM(c{D8`Kgk(@GDx`(E&@GD5ni?5:j(@fhD^
?NM`&ac-D"?NM!E(Dniam`IEKM}J|g:@faiD^ EﬀmM-` E(CNc{D8nij(k(k-D8hD8` gE(D@pD8ni?Ng:aij(`Jg:@DﬃKJ CNg:@Gj(adgBDKJ D8`Kg:@GDk(@Gj-EKMyHNg:aij(`DNg
E&aoJ:g:@fadz&M(g:alj{`E(D$:?ﬁ"j{`;$A-?8@G?8` g:am@Fn3?8@|g:aiHNM-nl?Ng:aij(`E(DKJZE&am:Cx@GD8`KgBD JFk(=(?KJpDKJZE(D$k(@Gj-EKMyHNg:aij(`1}< DKJ @GD8nl?Ng:aij(`J
	QRMPN^
YVBODV RZRVBTZabqDVhODjV
















^O RT YVNW u
 CNg:@Gj(adgBDKJ@GD8Sk(n~aoJ JpD8`Kg E(DNM(:j{`IHNg:aij(`J q$k-D8@fDNgg:@GDno?H"HﬃKJ %E(DKJam`&:j(@fh?Ng:alj{`-J(KM-a7`(DJGj(`Kg k-?KJ
Jfk-j(`KgB?x`(C8hDx`Kg%Hx@GC"DKJﬀj&M @GCNc{C8niC"D J k-?x@niDKJhCH"?8`&a3JfhDKJ E(D
h?8@GH8=IC ﬂ? J J|M-@pD8@%E(DKJk-j1J JBadz(amn~adgBCKJ
Eﬀ3?"E(?8k&gB?Ng:aij(`?NM H"j&M-@ JZEKMk(@Gj-H"DKJeJ|M}JtE(D$H8=I?8`&A-DxhD8`KgB^ nlDKJ5a~`&:j(@fh?Ng:aij(`JtH8@GCC"DKJ `ﬀ3CNgB?8`Kg k-?KJ gBj&MxGj&M-@ J
k-?8@f:?xadgBD8hD8` gO?"E(?8k&gBC"DKJ 
/
?8`-J7H"DH"j(`KgBDNbgBD"^ZD8`D8:DNgB^FniDKJOam@fhDKJOE(j(adc-D8` ghk-j&M(c-j(am@ E&aoJBk-j JpD8@ gBjIM(g
hj(hD8` gﬀE(D @GCKJpD8@|c-D JG^E(D H"?8k-?H8adgBCKJ DN-H"CE(D8`KgB?8a~@GDKJ8KM03D8nmnlDKJk-DNM(c{D8`KgﬀCxni?Nz-j(@GD8@ JGDM-niDKJﬀjIM D8`
H"j(nmni?Nz{j{@p?Ng:aij(`h?Nc-DHFE(DKJQk-?8@|gBDx`(?8am@pDKJe
X g:@G?Nc{D8@ JHD*@G?8aoJpj{`b`(D8D8`KgB^hj(` c-j(adg KM0lM-`'48D k(=IC8`(j('ﬃ8`ID*H"j(`(Hx@GDNgB^SD8`n3j-H"HNM-@f@GDx`(H"D
n3C8hD8@BA-D8`(H"D7E(D ni? A(@p?8`(E(D am@fhD7?NM(]LgB?NgGJGUW_s`&a3JG^Qk-DNM(g @GD"H"DNc{j{a~@ZE&am:C8@GD8` gBDKJZDNIk(nmaiH"?g:aij{`-J< D8@|gB?8am`IDKJ
am` gBD8@fk(@GCNgB?g:aij{`-J$`ID E(j(adc-Dx`Kghk-?KJOC"H"?x@|gBD8@hniDKJ?NM(g:@pDKJxq>H8=I?"HNM-`IDHj{` g:@fadz&MyD% M-`(DH"j(Sk(@GCx=(D8`-Jfaij(`k(ndM}J
A(nij&z-?8nlDEKM7k(=IC8`(j('ﬃ8`IDSCNgMyE&aiCb< DNggBDZaiE(C"D k-DNM(gL`IjIM}J\k-D8@fhDgg:@GDSE(D k-j(@|gBD8@ M-`@GD8A-?8@pE$`(j&M(c-D"?NMJ:M-@>ni?




% "6x,&;G0728;L.}.}6x682}."2}, 	3,J(68,}2}0G;G680 ;p07,:	o0! 2 ;p,(0o6x2F2L6x,}."2
V\DE(CNc-D8nlj{k(k-D8D8`KgE(D ni? A(@G?8`(E(DE&aoJ:g:@fadzbM(g:aij{`Dx` ] M-@Gj(k-D"^ h?8aoJ J:M-@|gBjIM(gD8` }@p?8`(H"D^ D J|gFM-`
J|MxpDNghHj{` g:@GjIc{D8@ JpChq EﬀmM-`H &gBC"^>niDKJsA(@G?8`(E(D JhD8`-JGD8amA(`IDKJhE(D7ni? E&aoJ:g:@fadz&M(g:alj{`k-DNM(c-D8` g 4Ng:@GD Hj{`-JfaiE(C8@pC"DKJ
H"j(ShDhE(DKJ ?"HgBDNM-@ J k-?8@|g:alHNM-nmaﬃ8@pD8hD8` g E b`(?xSaKMyDKJ E(DKJ CH"j{`Ij{saiDKJ hj-E(D8@f`IDKJrﬂyEﬀlM-`O?NM(g:@GDSH IgBC"^}D8n~niDKJ
E&aoJBk-j JpD8`KgEﬀmM-`
amsk-j{@|gB?x`Kgk-j&M(c-j(am@C"H"j(`(j(SaKMyD^ a dDb EﬀmM-`(D Sk&M-aoJ Jp?8`(HDEﬀo?H8=(?Ng0I^ E(j{` gD8n~niDKJ
k-DNM(c{D8`KgFJpD JpD8@|c(a~@5k-j&M-@Fj&z&gBD8`bam@5niD J5hDxamnmniDNM-@pDKJ H"j(`(E&adg:aij(`J ?M-k(@DﬃKJ E(DKJ k(@Gj-EKMyHNgBDNM-@eJ ?8hj(`Kge
/
?8`-J H"DKJ
H"j(`(E&adg:alj{`-JG^ni?SJ|g:@p?NgBC8A(aiDZ?"E(j(k&gBC"D k-?x@ niD J>?M(gBj{@fagBCKJ\H"j{`IHNM-@f@GDx`Kg:aiD8n~niDKJG^yE(D '4xhDKMyD5k-?8@Qn3D8`JpD8 zIniDFE(DKJ
?NM(gBj(@fadgBCKJ k&M(z(n~aKMyDKJG^QD J|g E(DH8=(D8@pH8=(D8@$H"j(`Kg:@ {niDx@ k(nM}J CNg:@Gj(adgBD8hD8` g>nlDKJ @GD8ni?g:aij{`-J D8`Kg:@pDk(@pjEKMyHNg:alj{`7DNg
A(@G?8`IE(DSE&aoJ:g:@fadz&M(g:alj{`y (Bn}DKJ|g Jp?8`J E(jIM(gBDZ`(C"H"D J JG?xam@GD"^}E(?8`-J H"DSHxnmamh?Ng\Eﬀiam`IH"D8@|g:adgMyE(DsDNg\E(D E&ac-D8@fA-Dx`(H"DZE(DKJ
j(k(am`&aij(`Jp^ Eﬀ3?8k(k-j(@|gBD8@ZE(DKJt@GC8niDNIaij(`JZ?8`I?8n7 g:aKMyDKJtk-D8@fhDNggB?x`KgtE(D$k(@Gj-H"C"E(D8@M-`CgB?NgtE(DKJFnmaiDM(DNg E(D
:j&M-@f`&am@LE&a~:C8@GD8` gGJLC"H8ni?xam@G?8A-DKJ FH"D5k(=(C8`Ij{?ﬃ8`(DFH"j(`(Hx@GDNge
Sa3J|gBj(@faKMyD8hDx`KgB^niD J A(@p?8`(EJ\E&aoJ:g:@fadz&M(gBDM-@ J\?8k(k-?8@G?8a3J JGDx`KgLE(?x`JLniDKJ\?8`b`(C"DKJ vbw(Uf(wDNgQnlDNM-@Q@(niDFDKJ|g
?8nij(@ J%E(D
@pC8k-j{`IE&@GD  M-` `IjIM(c{D"?NM z{DKJGj(am` E(D
H"j(`Jpj{S?Ng:aij(`(^E(D @pC"?8nmaoJpD8@Dx` KMyD8nkKMyD JGj(@|gBD
n3?8@|g:aiHM-ni?Ng:aij(`D8`Kg:@GD5M-`(DFk(@Gj-EKMyHNg:aij(`E(D h? J JGDZDNgM-`(DZE&aoJ|g:@faz&M(g:aij(`E(D5h?KJ JpD&"V\?5@GD8ni?Ng:alj{`'F?x`(?8n7-JpD8@>JGD
E&am:C8@pD8`(H8alDE(DhH"DxnmniDhCNgMyE&aiC"DhE(?8`-J niDKJ k-?8@p?8A(@G?8k(=IDKJ>k(@GCH"C"E(D8` gGJxq{a~n1`(DJ o?xA(adgLk(ndM}J EﬀmM-`(DZk(@GC"E(j(Sam`(?x`(H"D
Eﬀ3?8hj(`KgD8`?Nc{?8ni^5h?8a3J H"DggBD:j(aoJ Eﬀ3?Nc{?8nFD8`?8hj(`KgDﬂ E(Dk(ndM}JG^5nlDKJ$k(=IC8`(j('ﬃ8`IDKJOEﬀ am` gBC8A(@G?Ng:alj{` c{D8@ J
n3?8hj(`KgtH"j(`(H"Dx@f`(D8` g k(ndM}JSJGj&M(c-Dx`Kg niDKJZ?HNg:adc(agBCKJZEﬀ3?"H8=(?gKMyD$nlDKJF?HNg:adc(agBCKJFE(Dhk(@Gj-EKMyHNg:aij(`1}YLjIM(gBD8:j(aoJp^




?8`JniD J?8`&`IC"DKJ(w(^$HD @ {niD `Fo? k-?KJ c{C8@fadgB?NzIniD8hDx`KgH8=I?8`&A-ChqFamn$J
3?8A(adg
Eﬀ3?KJ J:M-@GD8@ ?NM k(nM}J A(@p?8`(E#`(j( z(@GD E(D H"j{`-JGj(Sh?NgBDM-@ J%ni? k(nM}J A(@p?8`(E(D
c-?8@BaiCNgBC E(D k(@Gj-EKM-adgGJp^
?"H"Hj{Sk-?xA(`(C"DEﬀmM-` `(j( zI@GDH8@Gj(aoJ Jp?8`KgOE(D*JpD8@|c(alH"DKJ7|:?H8amnmadgBC J7E(D k-?8aiD8D8`KgB^FnmadcI@G?8aoJpj{`-JG^F?KJeJ|M-@G?8`IH"DKJp^
c-jI?8A-DKJp^QDNgBH&1G^Q?NM(k(@fadniDKJ k(ndM}J z-?KJ 
/
?x`J ni?S@GC"?8nmagBC"^niD J E&aoJ|g:@faz&M(gBDNM-@ J Dx`Kg:@GDNg:alD8`&`ID8`Kg E(DKJ @GD8nl?Ng:aij(`J
CNg:@Gj(adgBDKJ\?Nc{D"HFniDKJL:jIM-@B`&aoJeJGDNM-@ Jp^ﬀKM-a(c-j(`KgQk-?x@f:j{a3J>E(?x`JQniam` gBC8@D4Ng E(DFH"DKJ k(@GjEKMyHgBDNM-@ JL?8j{` gQBj{k-C8@p?Ng:aij(`J
k&M(z(n~aiU|k(@Gj(hj&g:aij{`b`(D8n~niDKJG^5g.4NgBDE(DA-j{`IE(j{niD^5@GC8:C8@GDx`(H"D8D8`KgEﬀmM-``(j&M(c-D"?NM k(@GjEKM-agB^5k(@Gj{jIg:aij(`E(Dni?
KMy?8nmagBC"^FDNgBH&LG^5DNgEﬀ3?NM(g:@GDKJh:j(aoJSc-j(`KgsniDKJh@pD8`(E&@GD cbM-nm`(C8@p?Nz(niD JfE(C8@GC8:Cx@GD8`(HD8hD8` gGJG^5Hj{`IHNM-@f@GD8`IH"DE(DKJ
k(@Gj-EKM-adgGJ>JpjIM}JQ?8@DKMyDFE&aoJ:g:@fadz&M(gBDM-@ JG^-DNgBH& b< j(ShDx`Kg DN(k(n~aKMyD8@L?8`I?8n7 g:aKMyD8hDx`Kg H"DKJQ@pD8ni?Ng:aij(`J
9 ` H"j{`-J|gB?NgBD^J:M-@ ni?z-?KJpDEﬀlM-`IDCNgMyE(DD8`HjIM-@ J  1%6R ni?xaoJ7DNg?xnmamai^x(((USx((&	|^KMyDniDKJ
k(@Gj-EKMyHNgBDNM-@ J E(j{ac-D8` g\D8`$A-C8`IC8@G?8ny@GC"?8nma3JGD8@ E(D J>am` c-DKJ:g:aoJ JpD8hD8` gGJ D8`O?"HNg:amfJ Jfk-CH8amaKMyDKJp^ﬀKM-a-k(@GD8`&`ID8`KgrE(DKJ
:j(@fhDKJ E&adc-D8@eJGDKJ I[ j&M-@ j&z&gBD8`bam@ j&MH"j{`-JGD8@:c-D8@>nl?SH8nmaiDx`Kg.ﬃ8niDsE(DKJ>A(@G?x`(EJ E&a3J|g:@fadzbM(gBDNM-@ Jp^ a~noJ5Jpj{` g\?8hD8`ICKJB
?NM-A(hDx`KgBD8@>nlDNM-@ H"?8k-?H8adgBCZE(D k(@Gj-EKMyHNg:aij(`(^FJpD E(j&gBD8@\EﬀoCKM-a~k-D8hD8` gGJrg:@tﬃKJ Jfk-C"H8a~aKMyDKJLk-jIM-@L@GC8k-j(`(E&@pD 
ni?E(D8h?x`(E(D"^  jE&amalD8@hniD k-j JBadg:aij(`&`(DxhD8`KgE(D niDNM-@hk(@Gj-EKM-adgB^HH8=I?8`&A-Dx@$E(D :?ﬁj{`amsk-j{@|gB?x`KgBD niDNM-@
H"j(Sk-j1Jfadg:aij(`(^'?"E(?8k&gBD8@7niDNM-@j&M(g:amnSE(Dk(@Gj-EKMyHNg:aij(` jIMniDNM-@7k(@GjEKM-ag k-j&M-@ z{C8`(C8alH8aiD8@E(D*HD8@|gB?8am`IDKJ


















`(j(@fhD J E(DKMy?8nmadgBC"^F ?NM-A(D8`KgBD8@LniDNM-@eJ>E(Cxk-D8`JpDKJ\E(DtR 
/
jIM E(D Hj{SZM-`&aiH"?g:aij{`yK]\`$Hj{` g:@GD8k-?8@|g:alD"^ni?
A(@G?8`IE(D J|M-@f:?H"D J
3D8`&A-?xA-D$@GC8:C8@GDx`(H"D8@ niDKJ k(@Gj-EKM-adgGJG^hniDKJ k(@GCKJGDx`KgBD8@tD8` z{j{`b`(Dhk(ni?"H"D"^hniDKJ c-?8nlj{@fa3JGD8@
?NM-k(@Dﬃ J>E(D J>Hj{`-JGj(Sh?NgBDNM-@eJ
/
o?xk(@DﬃKJQniD JLD8`JpD8amA(`ID8hD8` gGJLE(D5n3?8`(?8nAJpD g:@G?8`-JG?"HNg:alj{`b`(D8nmnlD"^E(?x`J M-`ID gBD8nmniD
JfagMy?Ng:aij(`(^ niD JSE(DM( k-?x@|gBD8`(?xam@GDKJSJpj{` g am`(H8agBCKJ Jfa~A(`(D8@ZE(DKJ H"j{` g:@G?NgGJZ?xam`E(D E&aoJBk-j JpD8@ZE(D$hC"H"?x`&aoJBhDKJ
am`IH8adgB?Ng:amfJ?E(?8k&gBCKJV\D#H"j{sk-j{@|gBDxhD8`Kg H"j(`(H8@pDNg E(D J?"HNgBDNM-@ JHj{@f@pDKJfk-j(`(E ?KJ JpD3 z(aiDx`  H"DNggBD
E(DKJpH8@famk&g:aij(`7q7D8`H"D KM-aH"j(`(H"D8@B`(D niD Jj(k-C8@G?Ng:aij(`Jk&M(z(nmalU|k(@Gj(hjIg:alj{`b`(D8nmnlDKJG^ g.4NgBDKJE(DA-j{`IE(j{nlD DNg
@GC8:Cx@GD8`(HD8hD8` gGJ E(D`IjIM(c{D"?NM(7k(@Gj-EKM-adgB^E(DKJ H"j(`Kg:@p?NgGJ E(DSHjj(k-C8@G?Ng:alj{`OEﬀlM-`IDSEKM-@GC"D j"ID8`b`(DSE(D M-`O?8`
JGj(`Kg\CgB?Nz(nma3J DNgB^}D8`h?Ng:aﬃ8@pD E(DKMy?8nmadgBC^1E(DKJ\D8`&A-?xA-D8hD8` gGJ :j(@fhDxnoJ JGj(`KgQk(@BaoJ\fE&aoJfk-j1Jfag:aij{`-JL@GC"H"D8` gBDKJ J|M-@
ni?5g:@G?ﬁ"?z(amnmagBC E(DKJQcIai?8`(E(D JG^niD J>j(@fA-?8`baoJfDKJLA-C8`(CNg:akKMyD8hD8` gQhj-E&amaiCKJp^1DNgBH&b<9F`$j&z1JpD8@|c{D C8A-?xniD8hD8` gLE(D
k(ndM}J\D8`hk(ndM}J\E(DKJLk(@G?Ng:akKMyDKJ\E(Dtc{D8`KgBDSJGj&M}JLh?8@DKMyDZE(DFE&aoJ|g:@Badz&M(gBDNM-@eJLjIMOE(DKJ k(@faoJGD JLE(D5k-?8@|g:aiHxamk-?Ng:aij(`Sk-?8@
niDKJtE&aoJ:g:@fadz&M(gBDM-@ JFE(?x`JtE(DKJFDx`Kg:@GD8k(@BaoJGDKJt?8A(@Gj-Uf?8n~amhD8` gB?8am@GDKJt?8am`E(DSSam`bamSaoJpD8@ niDKJ H"j@(gGJ E(D g:@G?8`Jp?"HNg:aij(`
|@GCKMyD8`(H"DE(DKJ7@GD8`IC8A-j-H8ai?Ng:aij(`Jp^ ndM(ggBDH"j(`Kg:@GDn3j{k(k-j(@|gM-`&a3JfhD"^sDNgBH& 7DNgO?KJ J:M-@GD8@7?8am`-Jfa5M-`IDKMy?8nmadgBC
C8niDc-C"DCF:?8adzIniDFk(@fad} V\? @GDxni?Ng:aij(`hk(@GjEKMyHgBDNM-@GU|A(@G?x`(E$E&a3J|g:@fadzbM(gBDNM-@Lk-DNM(gLE(j(`(H4Ng:@GD5M(g:amniD8D8`Kg am`KgBD8@Bk(@GCNgBC"D
E(?8`-JSniD H?"E&@GD E(D n6o?8`I?8n7-JGD g:@G?8`Jp?"HNg:aij(`&`ID8nmniDIqrniDKJE(DNM(k-?8@|gBD8`I?8am@GD JJpj{` gZD8`bA-?8A-CKJsE(?8`-J M-`ID @pD8ni?Ng:aij(`
z(a~ni?NgBC8@G?xniDSDNg\H8=I?"HNM-`OE(j{adgL:?xam@GDSE(DKJ\am`Kc{DKJ|g:a3J JGDxhD8`KgGJ D8` ?HNg:amfJ5JBk-C"H8amakKMyDKJ-YLjIM(gBD8:j(aoJp^K5gBj&M(gQhj(hD8` gB^
E(DKJk(@pjIzInﬃ8hDKJ E(D S=(j(niE M-k'k-DNM(c-Dx`KgJ|M-@|c{D8`&a~@ q$E(?8`J ni?@GC"?8n~adgBC"^7D8` D8:DNgB^7H3DKJ|gni?A(@p?8`(E(D
E&aoJ:g:@fadz&M(g:alj{` KM-aDKJ:gE(j(Sam`I?8`KgBDDNg;KM-aE(CNg:aiD8` g niD k-j&M(c-j(am@E(D `(C8A-j-H8ai?Ng:alj{`I^n3j{@pD @pDKJ|gB?8` gE(?x`J
z-D?NMyH"j&M-k E(DSJGD"HNgBDM-@ J\E(D n3?8A(@Gj-Uf?8n~amhD8` gB?8am@GDZD8`(Hj{@GD5:?xadz(niDxhD8`Kg H"j(`(HD8`Kg:@GCDFDNg j{@fA-?x`&aoJpC"D&b< D5k-j&M(c-j(am@
E(D `IC8A-jHxai?Ng:aij(` ni?xaoJ JpD  ni? A(@p?8`(E(D E&a3J|g:@fadzbM(g:aij(` ni? k-j JeJfadzIamnmadgBC7E(D `(D k-?KJFgBD8`&am@hJGD JSDx`&A-?8A-D8D8`KgGJp^>D8`
k-?8@|g:alHNM-nmaiD8@ D8`$M(g:a~nmaoJG?x`Kg\ni?8@fA-D8D8`KgLni?Zk(@G?Ng:aKMyDSEKME(Cx@GC8:C8@GDx`(H"D8D8`Kge&V\? @GDxni?Ng:aij(`$`FoDKJ:g\E(j{`IH k-?KJp^E(?x`J
M-`H"D8@|gB?8a~`*`Ij{ zI@GD E(DH"?KJp^ M-`(Dk&M-@pD @pD8ni?Ng:aij(`E(D hj(`(j(k-j{niD zIamni?NgBC8@p?8ni^ k&M-a3JDKM0mM-`(DE(DKJhk-?8@|g:alDKJ|niD
A(@G?8`IE E&a3J|g:@fadzbM(gBDNM-@G^D8`$n3j-H"HNM-@f@GDx`(H"D8p^ k-DM(g JGDSE(C8A-?xA-D8@ E(D ni?Z@GD8ni?Ng:alj{`ODNgL@GD"E(C8k(nlj"ID8@5Jpj{`O?"HNg:adcIadgBC c{D8@ J
M-`h?NM(g:@pD5k(@GjEKMyHgBDNM-@L?8hj(`Kge
V  a~`KgBD8@fk(@pCNgB?Ng:aij(`D8`gBD8@fhD JE(D H"j-j(@GE&am`(?g:aij{` E(DKJ7k(@Gj-H"DKJeJ|M}J7k(@Gj-EKMyHNg:amfJ7:j&M-@f`&adgM-`(D?NM(g:@GD
DNIk(nmaiH"?Ng:alj{`%E(DKJ@pD8ni?Ng:aij(`JDx`Kg:@GD :j&M-@f`&aoJeJGDNM-@ DNgE&aoJ|g:@Badz&M(gBDNM-@ 
/
?8`-JH"D H?KJG^Samn$J o?xA(adgEﬀo? J J|M-@pD8@ ni?
H"j-j{@pE&am`(?Ng:alj{`E(DKJLam` c-DKJ:g:aoJ JpD8hD8` gGJ>Hj{Sk(nlC8hD8` gB?8am@GDKJ\DNgrH"j(`(HNM-@f@pD8`KgGJp^{nij(@ JtKMyD5niDKJQam` c-DKJ:g:aoJ JpD8hD8` gGJ>JGj(`Kg
am@f@pCNc-D8@eJfadzIniDKJ!DNg KMyDn6 am`b:j{@Bh?Ng:aij(` `FoD J|g k-?KJ!E&aoJBk-j{`badz(niD#amShCE&ai?NgBD8hDx`Kge*V\? E(Dxh?8`(E(D E(DKJ
H"j(`Jpj{S?NgBDNM-@ J am`I?8noJ DKJ:g Hx=(?8`bA-D"?8`KgBDhDNgB^}k-jIM-@FJ o?"E(?xk&gBD8@ HDKJ>c-?8@Bai?Ng:aij(`Jp^niDKJ E&a3J|g:@fadzbM(gBDNM-@ J E(j{adc{D8`Kg
hDNgg:@pD D8` 5FM(c(@GD7E(DKJFDKJ|M-@GD JFk-D8@fhDggB?8`Kg n3?8k(k(@Gj&c(aoJBaij(`&`(DxhD8`Kgtj&Mno?x@f@D4NgtE(D$n3?8k(k(@Gj&c(aoJBaij(`&`(DxhD8`Kg
D8`?8hj(`Kge(V\Dk(@pjIzInﬃ8hDhDKJ:gB^k-j&M-@ nlDE&a3J|g:@fadzbM(gBDNM-@G^E(DA-Cx@GD8@ ni?hE(D8h?8`IE(DSam`(?8nlD KM-a}`FoDKJ:g>k-? J H"j{`b`KMyD
k-?8@f:?xadgBD8hD8` gZDNg E(D E&a3Jfk-j1JGD8@sE(D H?8k-?"H8adgBC JSD-H"C"E(Dx`KgB?8am@pDKJsDNgZE(D @GCKJpD8@|c-D J k-j&M-@ZnmamSadgBDx@FniDKJZD8:DgGJZE(DKJ
D8@f@pDNM-@ JE(?8`-J no?x`Kg:aiH8a~k-?Ng:aij(` E(D H"DggBD E(D8h?8`IE(D&
/
?x`J HDNggBD k-D8@ JBk-D"HNg:adc{D"^ niDKJﬀk(@Gj{DKJ JpDKJ E(D
g:@G?8`-JG?"Hg:aij{`-JsE(?8`JZniD oM(gM-@SDgFniDKJs?"HH"j{@pEJSE(D k(@fadad{DKJG^! E(DKJF`&ac-D"?NM(z-?KJp^ D8` g:@GD$am@fDKJZ?8hj(`KgtDNg
E&aoJ:g:@fadz&M(gBDM-@ JZ?Nc{?8nL?8aiE(D8` g E(CNc-D8nlj{k(k-D8@5M-` D8`JpD8 z(nlD$am`&:j(@fh?Ng:alj{`b`(D8nLDNgtE(DKJthj"ID8`-JZEﬀ3?"E(?8k&gB?Ng:aij(`%
k-?8@|g:a~@hE(DKJDKMyDxnoJsE(D `IjIM(c{D8nmniDKJsE(C"HxaoJfaij(`JhJpD8@Gj(`KgFk(@BaoJGDKJ 
/
?8`JZ`(j&g:@GD @G?8aoJpj{`b`(D8D8`KgB^ nl? adIadgBC7E(DKJZk(@fad
k-D8@fDNg E(D JBamSk(nma~aiD8@5nlDKJ5k(@pjIzInﬃ8hDKJtE(D$Hj{S?8`(E(DKJtj&ME(Dc{D8`KgBDKJ oM(gM-@GDKJp^QH"?8@ niDKJ am@fhDKJtf?8j{` g DNg




k(@Gj-EKMyHNgBDNM-@ J jIME&a3J|g:@fadzbM(gBDNM-@ Jp^Dx` j&z1JGDx@|c-?8` gLH"DggBD k(@G?g:aKMyD"^am` g.ﬃ8A(@GD8` gQniaiE(C"DKM0iamn`FoD J|gQk-DM(gBU 4Ng:@GDFk-?KJ
k(@Gj(adgB?NzIniD$E(DhhD8`(Dx@ M-`(DSg:@Gj(k :j{@:gBD$H"j(`(HNM-@B@GD8`(HD"^ H"?x@5DxnmniDKJ `IDE&a3Jfk-j1JGD8` g>k-?KJ E(D J '48hDKJ Hj{`IE&adg:aij(`J
E(D k(@fad rV\DE(CNc-Dxnij{k(k-DxhD8`KgsEﬀ3C8niCxhD8`KgGJEﬀ a~`&:j(@fh?Ng:aij(`DgsEﬀo?"E(?xk&gB?Ng:aij(` k-DNM(gsC8A-?xniD8hD8` gsH"j(`(H"D8@B`(D8@
E(DKJZ? Jfk-D"HNgGJt`(j(`(U|k(@fa-^ gBD8noJKMyD$ni?3KMy?8nmadgBCE(DKJ k(@GjEKM-agGJG^ ni?h@GC8k&M(gB?Ng:aij(`E(DKJ5a~@fhDKJtjIM ni?$E&amoM}JBaij(` E(D
`(j&M(c-D?NM(#k(@Gj-EKM-adgGJXFam`-Jfai^n3?8`&`Ij{`IH"D
k(@GC8h?gM-@GC"DE(DH"?8sk-?8A(`(DKJk&M(z(nmaiU:k(@Gj{jIg:aij(`&`ID8nmniD Jk-DNM(g
k-D8@fDNgg:@GD E(D$ni?8a3J JGDx@5niDSgBD8Sk1Jt?NM( k(@pjEKMyHNgBDM-@ JF?xhj{` g Eﬀ3?"E(?8k&gBD8@ niDNM-@F?xk(k-?8@GD8amn E(Dk(@Gj-EKMyHNg:aij(`7k-jIM-@




hD8`I?"H"DKJ E(D*E(Cx@GC8:C8@GDx`(H"D8D8`KgOk-DNM(c-D8` g 4Ng:@pD amsk-j JpCKJ7k-?8@ nl? A(@G?x`(E(DE&aoJ|g:@faz&M(g:aij(`k-jIM-@7:j{@pH"D8@7niDKJ
am` c-DKJ:g:aoJ JpD8hD8` gGJ7H"j(Sk(niC8hDx`KgB?8am@pDKJ7D8`?xhj{` ge ]\`&a~`(^Fn a~`KgBC8A(@G?g:aij{`c-D8@ Jn3?8hj(`KgD J|gC8A-?xniD8hD8` gSM-`
hjID8`E(D A-?x@G?8`Kg:a~@ niD J a~`Kc-D J|g:aoJeJGD8hDx`KgGJsH"j(Sk(niC8hDx`KgB?8am@pDKJsDNgZE(D nmamSagBD8@ nlDKJhJ|g:@G?NgBCxA(aiDKJZ@fadc{?8niDKJ 
/
?x`J
H"DKJOE&am:C8@pD8`KgGJOH"?KJp^5niDKJE&aoJ:g:@fadz&M(gBDM-@ Jh@GD"H8=ID8@GH8=ID8`Kgsk-?8@E(DKJhhjID8`JSc{?8@faiC J3 A-?x@G?8`Kg:a~@nlDNM-@Sc(ai?NzIamnmadgBCb
V 3jIz GD"HNg:am DKJ|gE(D#hE(C"H"j-E(D8@%n3D8`KcIam@Gj(`&`(DxhD8`KgH"j{sk(niDN-D E(?8`JniDKMyDxn$niDKJam@fDKJCNc-j(ndMyD8` gB^$E(D
 f 
J
3?KJeJ|M-@GD8@sE(D noj-H"HNM-@B@GD8`(HD j&ME(D ni? `(j(`(Ufj-H"HNM-@f@pD8`(H"D7EﬀmM-` Cc-C8`ID8hD8` gB^>E(D$n3?"HNg:aij(`j&ME(D$n6 am`I?"HNg:aij(`
E(DKJQa~@fhDKJL?xhj{` g DNg ?Nc-?8n 
V\D@(niDE(Dni?hk-j{nmag:aKMyD$E(Dhni?$H"j(`(HM-@f@GD8`IH"D"^QE(?8`-JFH"D JFE(DNM(7a~`KgBD8@fk-CgB?Ng:aij(`JG^DKJ|g E(DS@GD8k-C8@pD8@ niDKJ
?NzbM}JKMyD$k-DNM(c-Dx`KgtD8`Kg:@p?+*o`(Dx@ZH"DKJZE&am:Cx@GD8`KgBD JFk(@G?Ng:aKMyD J5M(g:amnmaoJpC"DKJFk-?x@Fni?$A(@G?8`IE(D$E&aoJ:g:@fadz&M(g:alj{`DNg E(DhniDKJ
JG?x`(HNg:aij(`&`ID8@(V\DKJ E(D8@f`baﬃ8@GDKJ E&a3Jfk-j1Jfadg:aij(`J E(DSni?Snij(aEKM(
	":M-amnmniDNg x(($c-j(`Kg E(?8`J H"D$JpD8`Jp^ H3DKJ|g hE&am@GD
E(?8`-J ni?SSaoJGDhD8` k(nl?"H"DhEﬀlM-` @pC"CKM-amnmaz(@G?8A-DhE(DKJ\:j{@pH"DKJ Dx`Kg:@GD k(@pjEKMyHNg:alj{`ODNgLA(@G?8`IE(DSE&aoJ|g:@Badz&M(g:aij(`1-< DNggBD




E(DS:?"HNgM-@G?g:aij{`I^ M-` hDxamnmniDNM-@ D8`IH"?"E&@GDxhD8`Kg E(D ni?Z@GDNc-Dx`KgBDC k-Dx@|gBD"^M-`(DS?M(gBj{@fa3JG?Ng:aij(` EKM7@pD8oM}J E(D c{D8`KgBDb
/
?8`J niDhH"?E&@GDhE(DKJ `(j&M(c-D8n~niDKJ E&aoJBk-j JBadg:aij(`JG^H8adgBj(`J\n a~`KgBD8@GE&alHNg:aij(` E(D @GCx:C8@GD8`IH"D8hD8` g JG?8`-J H"j(`Kg:@pD8k-?8@|g:aiD^
ni?Jp?8`(Hg:aij{`OEKME(C8@GC8:Cx@GD8`(HD8hD8` g\?Nz&M}JBam:^1n a~`KgBD8@GE&alHNg:aij(` E(D k(@fa7?NzbM}Jfadc{D8hD8` gQz-?KJ DNgB^1k-jIM-@LniDKJLk(@Gj-EKM-adgGJ
?8A(@falH"j{nlDKJZDNgtEﬀ3j{@fa~A(am`(D ?8A(@BaiH"j(niD"^Qni?$k-j JeJfadzIamnmadgBC Eﬀ3j(@fA-?8`&a3JGD8@ZU JpjIM}J5M-`ID'4xhDh?x@DKMyD$j&MD8`-JGD8amA(`ID$U
niDKJZc-j(ndM-hDKJp^>ni? KMy?8nmagBC E(D nl? k(@Gj-EKMyHNg:aij(`DNgFnl? k-j(nmadg:aKMyD7H"j(ShD8@pH8ai?8niD7|k(@faE(D7H"DKJeJfaij(`H"j(S M-`& 
]\`&am`I^QH"D8@|gB?8a~`(DKJ hD J|M-@GDKJ k(@BaoJGDKJ Dx`x((OcIaoJGD8` gBS@G?xhD8`(Dx@ nlDOJpDNM-amn0Sk-?8@|g:am@ EKMFKMyD8n1M-`ID?M(gBj{@fa3JG?Ng:aij(`
DKJ:gL`(C"H"D J JG?xam@GD k-j&M-@ H8@GCD8@ j&MCNgBD8`(E&@pDSE(DKJ>?8A-?KJfa~`J E(D xw(w(w$ﬂ6rs(w(w$ﬂ6 &V 3D8:D"HNg:ac(adgBCSE(DZni? nij(a1EKM
xD8@L|M-amnmnlDNgx(((^rgBj&M(gBD8:j(aoJG^L`(D JGD8 zIniD k-?KJZA-?8@G?8` g:aiD H?8@G^$k-?8@|g:am@ZEKMhj(hD8` gFjni? H8@Gj(aoJeJG?8`IH"D E(DKJ
A-C"?8` gGJE(D*nl?*E&aoJ:g:@fadzbM(g:aij{``ID k-j&M-@f@G? KMyD g:@tﬃKJDN-H"Dxk&g:aij{`b`(D8n~niD8hD8` g J o?8k(k&M<ID8@J|M-@7ni?H8@GC"?g:aij{` E(D
`(j&M(c-DxnmniDKJ J|M-k-D8@falH8aiDKJp^ nlDKJ5J:g:@G?NgBC8A(aiD J E(DSH8@pj{aoJeJG?8`IH"DZDN&gBD8@B`(DZUrk-?8@L@G?"Hx=(?NgrE(D H"j(`(HM-@f@GD8` gGJ>ULE(DNcIaiD8`&`ID8`Kg
am`IH"j{` gBjIM-@B`(?NzIniDKJ 1%6R V 195[X Eﬀ X5MyHx=(?8`J|M-@
/
jHx1JhE(D }@p?8`(H"D^ nl? @G?8A(amn~adgBC E(D < ?KJBam`(jjIME(D< j(@G?
E(j(`KgniD5@G?"Hx=(?Ngk-?8@LE(DKJrH"j{`IHNM-@f@GDx`KgGJQk(ndM}J :j{@|gGJrDKJ|g D8` c(aoJp?8A-D"?NzIniD8
~ 6	z"8<6
V\DKJtE(D8@f`&akﬃ8@GDKJtE&aoJfk-j1Jfag:aij{`-JFE(D JF?NM(gBj(@fadgBC J H"j{`IHNM-@f@GDx`Kg:aiD8n~niDKJFJ|M-@ niD J @GD8ni?Ng:alj{`-J D8`Kg:@GDSk(@Gj-EKMyHNg:aij(`
DNgZA(@G?x`(E(D E&aoJ:g:@fadzbM(g:aij{` H"j(`(EKM-aoJpD8`Kg  M-`IDJfagMy?Ng:aij(` k-?8@G?E(jI{?8niD& V 3jIz GD"HNg:amFA-Cx`(C8@G?xn E(D nl? nij(a\EKMG
	
|M-amn~niDNg x(( DKJ:gE(D nma~SadgBD8@niD k-j&M(c-j(am@E(DKJA(@G?8`(E(D JD8`-JGD8amA(`IDKJE(Dni? E&aoJ:g:@fadz&M(g:alj{`c(aoJ; c(aoJ E(DKJ
D8` g:@GD8k(@faoJpDKJ ?8hj(`KgB^}`(j&gB?8ShDx`Kg H"D8nmniD J E(Dn6o?8A(@pjUf?xnmamhD8` gB?8am@GDcﬂ1n3?8k(k(nmaiH?Ng:aij(` E(DSH"Dx@|gB?8am`IDKJ E&aoJBk-j JBadg:aij(`Jp^
k-j&M-@|gB?8`KgB^$@BaoJDKMyD E(D :?8am@pDH8@Gj* g:@GD H"D k-j&M(c-j(am@k-?8@M-`ID Hj{`IH"D8`Kg:@p?Ng:aij(`%?"H"H8@|MyDE(DKJE&a3J|g:@fadzbM(gBDNM-@ Jp^
@GD8DNggB?8`KgD8` H?NM}JGDk-?8@$n'48hDniDKJOE&aoJfk-j1Jfag:aij{`-JKM-a gBD8`KgBDx`KgE(D@GC"CKM-amn~adz(@GDx@$niDKJh@pD8ni?Ng:aij(`JDx`Kg:@GD




E(DNM( am` gBD8@fk(@GCNgB?g:aij{`-Jj{` g7CNgBCE(CNc-Dxnij{k(k-CDKJU nmM-`(DD8` gBD8@fDKJEﬀ am`IH8adgB?Ng:alj{`I^ n3?NM(g:@GDD8` gBD8@fhDKJE(D
H"j-j{@pE&am`(?Ng:alj{` E(D J?"HNg:adcIadgBCKJk(@pjEKMyHNg:ac-DKJUDg k-DM(c-D8` g?xk(k-j{@|gBDx@E(DKJCxniC8hD8` gGJE(D@GC8niD(aij(`1 V\?
k(@GD8saﬃ8@GDSk-D8@fDNg E(D$Jp?8aoJfa~@5?c-D"HSk(@GC"HxaoJfaij(` ni?$JfagMy?Ng:aij(`7E(DSE(C8k-D8`IE(?8`(H"DsE(?8`J\ni?KMyD8nmnlD niDKJ\k(@GjEKMyHgBDNM-@ J
?8hj(`Kgk-DNM(c{D8`Kg7JpDg:@GjIM(c{D8@ :?"H"D nl? A(@G?8`(E(DE&aoJ|g:@Badz&M(g:aij(`1 V\?JGD"Hj{`IE(D"^5hj(am`JhM(g:amnmaoJpC"D"^ JpD@GCNcsﬃ8niD
am` gBC8@GDKJeJG?8` gBD"^>H"?8@sD8nmnlDOg:aiDx`KgZHj{Sk&gBD7E(D no? Jfk-D"HNg CNc-j(ndM(g:amtE(DKJZ@GD8ni?g:aij{`-JZam`(EKM}J:g:@faiD8nmnlDKJsDNgZE(D$ni?$A(@p?8`(E(D
E&aoJ:g:@fadz&M(g:alj{`DNg k-D8@fhDNgrE(DJpD k(nl?"H"D8@\E(?8`JQM-`H"j(`KgBDNbgBD E(DZH8=I?8`&A-D8D8`KgrC"H"j(`(j(SaKMyDZfH8G Z@G?8ogB^x((2ﬂ
Z?8:?8@GEhDNg Z@G?8ogB^x((2ﬂ  ni?xaoJG^x(&Ł-^ x(vb^x((&
 8 
 <x;"	z"
XFhD8`IE(j{ni?^ 	DNg  ?8:?x@GE(^  V ^#x(b^ *<#66=A 6,6/2""!$#ﬁ!$=?6,6 *ﬁ/7$C )#6#ﬁ!6O('0!$#y^
] H"j{`Ij{saiH"?"^&[ ?8@faoJ 
XFhD8`IE(j{ni?^ 	  DNg Z?8:?8@GE(^ " V ^x(&Ł-^  	?8@f-DgGJF?8`IE 9F@fA-?8`&aN3 ?Ng:aij(`Jt?KJt< j(=(Dx@GD8`Kg T"-J:gBD8$J





Q,$50#ﬁﬂ5F5x^$tD8nm(`I?8k& ?8@|c{?8@GE _S`badc-Dx@ JfadgZ[@GDKJeJG^-< ?x z(@falE&A-D&
<>=(?8`IE&niD8@G^Xh
/
^Gx((w(^ﬁﬁ7 6#6* ﬁ"!_A@+'1ﬀﬁ<#66=A5 !H%F#6*ﬁ,$5ﬂ'1)ﬁ7jH'1ﬁ78)5F=^
$tD8nm(`I?8k& ?8@|c{?8@GE _S`badc-Dx@ JfadgZ[@GDKJeJG^-< ?x z(@falE&A-D&
<>=(?8`IE&niD8@G^SXh
/
^ x(&u-^C'9F@fA-?8`&aN3 ?Ng:aij(`(?8n< ?xk-?Nz(amn~adg:aiDKJ ?8`(E g:=ID ] H"j(`(j(SaiH SaoJ:gBj{@] j{hg:=(D
(f`IEKM}J|g:@fai?xn&]>` gBD8@fk(@faoJpDH(^6!6,$F#6ﬁ7(!H%fQ"!$#ﬁ!$=?8[51"3'08OG5x^-1
 ?x:?8@GE(^  V d^DNg  Z@G?8ogB^ d^&x(((^ﬀ [@Gj-H"DKJeJ|M}J H"j{`IHNM-@f@GDx`Kg:aiD8n DNgLk-j{n~adg:aKMyDSH"j(S M-`I?NM(gB?8am@pDSD8`
h?Ng:akﬃ8@GD E(D H"j(`(H"Dx`Kg:@G?Ng:alj{` qam`Kg:@pjEKMyHNg:alj{` M-`IDk(@Gj&z(niCxh?Ng:aKMyDHI^ﬀs"OG,6m*ﬁY7)a!$#65!$==>(')8!$#b3' *ﬁ
70I!$#ﬁ",$[#ﬁ" ^ b1
 nl?8aoJG^ 	(|@pDKJfk-j(`Jp?Nz(niDSJGHxaiD8`Kg:a~aKMyD8G^1Dx`$Hj{nmnl?Nz-j(@G?Ng:aij(`?Nc-DH  ?8:?x@GE(^ﬁ  V &DNg Z@G?xogB^ﬂ ^ x(((U





< j{`IHNM-@f@GDx`(H"D"^FE(Dni? < j(`Jpj{S?Ng:aij(` DNgE(Dni? RFCxk(@GDKJ JBaij(` E(DKJh}@G?MyE(DKJ
/
 < < R }G^ 	 am`&a3J|g.ﬃ8@GDE(D
nm] Hj{`Ij{SalDFfD8`hH"j&M-@ JB
 nl?8aoJG^ 	^ x(&Ł-^ V 3DN(k(nlj{adgB?g:aij{` ?Nz&M}JBadc-D EﬀmM-`CNgB?NgtE(D E(C8k-Dx`(E(?8`IH"D C"H"j(`(j(SaKMyDHI^ﬃQ"O",6
*C fQ"!$#ﬁ!$=?8F#6*ﬁ,$5:'4"787 ^-b^{u<)*	-g:@famhDKJ:g:@GD&
 nl?8aoJG^ 	 ^ x(vb^  V\DKJk(@G?Ng:aKMyDKJ!E&aoJpH8@famSa~`(?NgBj(am@GDKJ!E(?8`-J
niD J
@GDxni?Ng:aij(`J :j&M-@f`&a3J JGDM-@ JGU
E&aoJ:g:@fadz&M(gBDM-@ J(^Q"O",6s*C fQ"!$#ﬁ!$=?8F#6*ﬁ,$5:'4"787 ^-&u-^{u<)*	-g:@famhDKJ:g:@GD&
 nl?8aoJG^ 	 ^x(((^` V\DKJO?"H"H"j(@GEJE(DH"j-j{k-Cx@G?Ng:aij(`am`KgBDx@GD8`Kg:@pD8k(@faoJpDKJ q>?8`I?8n7-JGD gbk-j{nlj{A(aKMyDDNg
k-?8`Ij{@G?xh? E(Dni?|M-@faoJBk(@|MyE(D8`IH"D Hj{SZM-`(?NM(gB?8a~@GDH(^Q"O",6 *C fQ"!$#ﬁ!$=?8F#6*ﬁ,$5ﬂ'18G7878 ^*((^u<)*+	
g:@famDKJ|g:@GDb
 Dj{@fA-D JGHNMyUWRtj-D8A-D8`I^ P7^x((w(^HhYr=ID ] H"j{`Ij{saiHKJj($[@Gj-EKMyHNg:aij(`C(^ s=A;86#+fQ"!$#ﬁ!$=?8
Q"O"8;5^ 	?vy
h?
(Dx-^IL^ﬀx(((^ ] H"j{`Ij{saiHKJL?8`IE  Z`(j:,SniDE&A-DH(^"fs"!$#ﬁ!$=?8ﬂy^{Ł}
SalH81JG^! "^x(((^" ')=B5¢.'J78jP'4ﬁ7^&g:@G?"E1 @G?8`"ﬁ"?8aoJpD"^&] H"j(`(j(SaiH?"^I[ ?8@BaoJ
 Z@G?8ogB^# d^Hx(((^&ZV\Dk(@Gj-H"DKJeJ|M}JtH"j{`IHNM-@f@GDx`Kg:aiD8nWqyM-`IDk(@Gj(k-j JBadg:aij(` E(DhH8@Badg.ﬃ8@GDKJ Eﬀ3CNc{?8ndMy?Ng:aij(`CI^
Q"O",6s*C fQ"!$#ﬁ!$=?8F#6*ﬁ,$5:'4"787 ^(`!$ ((^(u ﬃ8hD g:@BamhDKJ:g:@GD&
V\?3 j(`&aiHx-^ :d^'x(&x^%Q,$5)#ﬁ5F5'&s_]<6#ﬁ)(:('0!$#U6#6*V'4ﬀﬁ*El'4ﬀ!H%'1ﬀﬁYfsG!$#ﬁ!$=j^ < ?8 zI@faiE&A-D
_s`&adc{D8@ Jfag [@GDKJeJG^-< ?8 z(@BaiE&A-D&
V\j? J|zI^s$s^x(&x^;f 6,687H^;8,$=Z6#6*fQO"!678,ﬁ')8!$#	@<6#f- 78!$[('08!$#k!H%k!$#6#ﬁ".')0#.]+)#ﬁ" 750#
fQ"!$#ﬁ!$=A5x^ 	?x`(H8=IDKJ|gBD8@ _s`&ac-D8@ JBadgZ[ @pDKJ Jp^ 	 ?8`(H8=IDKJ|gBDx@L?8`(EFPD.,-,sj{@B}
R aiH8=(?x@GEJGj(`(^ h $s^rx((w(^.F#&%6!$F=('0!$#
6#6* F#ﬁO"ﬂ5ﬂ'4=?#('3^`x((w(^u./10LD"E&adg:alj{`I^1<>ni?8@GD8`IE(j{`S[@GDKJeJ\^
95(:j(@GE1





b`(?8SalHKJsj{ g:=(De(f`IEKM}J|g:@fai?xnL< ?xk(adgB?8nmaoJBq [ D8@ JBk-D"HNg:adc{DKJZj(` XFnm@GD"E
<>=(?8`IE&niD8@
J T-H"?8nlDF?8`(E T-H"j(k-DH(^6!6,$F#6ﬁ7<!H%fQ"!$#ﬁ!$=?8 H')F('),$ ^-& 
